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ONE FIGURE 
(Received for publication January 23, 1940) 


INTRODUCTION 


According to Kriss and Smith (’37), ‘‘Rats kept on a 
mineral deficient diet were less active and invariably had a 
considerably higher basal metabolism than their controls.’’ 
Kleiber, Goss and Guilbert (’36) could not detect any system- 
atic influence of phosphorus deficiency on the fasting catabo- 
lism of beef heifers, and Goss and Kleiber (’37) noticed that 
the rate of fasting catabolism for phosphorus-deficient rats 
was lower than that for the phosphorus-supplied controls. 
These workers attributed their observation, however, to a 
general lowering of the nutritive condition of the deficient 
rats resulting from a diminished food intake. When the food 
intake of the controls was adjusted to the level of the deficient 
rats, there was no significant difference in the rate of fasting 
catabolism per unit of metabolic body size (kg*’*).1 These 
results were essentially confirmed by Nakamura (’39), who 
concluded from respiration trials that a deficiency of dietary 
phosphorus does not affect the basal metabolism of rats. 

These observations suggested that the lack of different 
mineral constituents might affect the energy metabolism in a 

1 Metabolic body size is defined in this paper as the body weight in kilograms 
raised to the 3/4 power; kg?/4 is the unit of this size. As the unit of surface 


area we use kg?/3, 
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different way, and it seemed worth while to investigate the 
metabolic effect of single-ion deficiencies. 

The influence of calcium deficiency was selected for the 
first investigation because two of the authors (see Greenberg, 
Boelter, and Knopf, ’39) were then extensively studying the 
effects of calcium deprivation. 

Greenberg and Boelter? observed *’ st extreme lack of 
calcium in the diet of rats led toa dro -~ Wood-serum calcium, 
a negative calcium balance, and decreased appetite and rate 
of growth. It resulted in osteoporosis, in hemorrhages, par- 
ticularly of the central nervous system which caused paralysis 
of the hind quarters, and in premature death. 

Pedotti (’21) concluded that calcium deficiency lowered the 
metabolism of rats. His diet (white bread, beef meat after 
H,O extraction, and margarine) may, however, have produced 
an avitaminosis as well as calcium deficiency. Furthermore, 
he ran his trials at a temperature ranging from 17 to 21°C., 
whereas the critical temperature for rats, according to Bene- 
dict and MacLeod (’29), is 28°C. 

Lengyel (’34) lowered the calcium content of rat serum 
from 10 to 7 mg. % by a vitamin-deficient diet, and raised it 
again by the addition of cod liver oil. He increased it further 
by subeutaneous injection of calcium gluconate. He noticed 
that a low calcium content in the serum was always combined 
with a raised metabolic rate, and, conversely, a high serum 
calcium concentration with a low basal metabolic rate. 

Goreczky and Ludany (’38), in confirming Lengyel’s results, 
found that human beings reacted to an intravenous injection of 
a 10% solution of CaCl, with a sharp drop in the metabolic 
rate (10 minutes after the injection), followed by a gradual 
rise, during 3 hours, to the normal level. 

The experiments reported here were carried out in order 
to measure the effect of a dietary deficiency of calcium alone 
on the rate of fasting catabolism of rats. Upon one group 


2 Thesis for the degree of doctor of philosophy by Muriel D. D. Boelter (1940), 
University of California Library. 
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of rats, data were obtained that led to some conclusions re- 
garding the influence of calcium deficiency on the efficiency 
of food utilization. Similar investigations of magnesium and 
potassium deficiencies, as affecting metabolism and food 
utilization, are under way. 


EXPERIMENTAL METHODS 


Diet. The rats employed in the experiments (Long-Evans 
strain) were fed the diet shown in table 1. 

The calcium-deficient diet contained 10 mg. Ca and 546 mg. 
P; the control diet, 430 mg. Ca and 437 mg. P per 100 gm. of 


TABLE 1 
Composition of basal diet and salt mixtures 























SALT MIXTURE USED FOR 
BASAL DIET SALT ES SERRE of 
Ca-deficient rats | Control rats 
ebEe Kids oe Te Be 3 %  '| % 
Casein (acid washed) 22.7 | 
Fat (Crisco) 22.7 | NaCl 0.91 0.66 
Sucrose 45.4 | KCl 1.15 1.15 
Cod liver oil 2.27 | Na,HPO, 0.91 | wes 
| Ca,(PO,). ree | 1.36 
Rice bran extract (Vitab. B) 2.73 | MgSO, 0.91 0.91 
Salt mixture 4.10 | Fe citrate 0.12 0.12 
400 | 4.20 
Thiamin chloride 5.0 mg. 
Synthetic riboflavin 4.0 mg. 
Nicotinie acid 50.0 mg. 








feed. The first group of six rats was placed on the low-calcium 
regimen at the age of 20 days; a second group of six rats, at 
29 days. For each deficient rat a litter mate control was kept 
on the same diet with added calcium, the only difference being 
the composition of the mineral mixture as given in table 1. 
No restriction was placed on the food intake of the first two 
groups of deficient and control rats. 

This procedure led to differences in body size. The metabolic 
rate was calculated per unit of the 3/4 power of body weight. 
This calculation allows the comparison of metabolic rates of 











520 MAX KLEIBER AND OTHERS 


animals which differ in body size (Kleiber, 32). It appeared 
desirable, however, to check the conclusions drawn from these 
results by a third group of rats in which the differences in 
size between pair mates were eliminated by restriction of 
food intake. The twelve rats of this group were started on 
the calecium-deficient diet at the age of 30 days. For the 
first 10 days of this regimen, the food intake was unlimited. 
The rats were then arranged into six pairs, and one rat of each 
pair was continued as before on the calcium-deficient diet 
with unlimited food intake. Its pair-mate received food with 
the caleium-containing salt mixture. The food intake of the 
calcium-supplied rat was restricted so that its body weight 
would remain as nearly as possible that of the deficient pair- 
mate. 

Respiration trials. A series of respiration trials was carried 
out upon the first group of rats after three of them had been 
on the deficient diet for a duration of 36 days, and three others 
for 87 days. The respiration trials were repeated 4 days later. 
Respiration trials were started upon the second group of 
rats when six of them had been on the deficient diet for 
25 days. The rats were then 54 days old. These trials were 
repeated twice at weekly intervals. 

The first two series of respiration trials on the third group 
of rats (paired feeding) were carried out during the pre- 
liminary period when all twelve rats received calcium-deficient 
food ad libitum (fig. 1). Four more series of respiration trials 
were run in the period from 30 to 105 days after the start 
of the paired feeding. The procedure was the same in all 
114 respiration trials reported in this paper. Eighteen hours 
before the trials, the rats were brought to an air-conditioned 
room, and maintained at 30°C., where they remained with free 
access to water but without food. Oxygen consumption and 
CO, production were measured in a multiple apparatus that 
allows the simultaneous determination of the respiratory ex- 
change of seven individual rats. The apparatus and the 
procedure of the measurements have been described in detail 
(Kleiber, 40). 
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RESULTS 


Growth rate and appetite. First among the effects of calcium 
deficiency is a decrease in, and finally cessation of, growth. 
The data obtained on our calcium-deficient rats give evidence 
of this symptom. The mean body weight of five deficient rats * 
of the first group (two weights for each rat taken 4 days apart) 
was 103 + 5 gm. The corresponding mean body weight of the 
six caleium-supplied control rats was 157 + 8 gm. 

The second group of rats behaved similarly. The mean body 
weight of the six calcium-deficient rats at the age of 66 days, 


Wesght p Rat 


© Ca. deficient, 
unlimited 
Ca. supplied, 


food restricted 


Grams 


phat in 5 days 
ies of Resp.frials 


age in days 


Fig.1 Body weight and food consumption of Ca deficient and Ca-suppiied rats 
(paired feeding). 


after three series of respiration trials, was 123 + 8 gm., that 
of the six controls, 163 + 7 gm. 

The decreased rate of growth of the calcium-deficient rats 
is, to a large extent, the result of decreased appetite. This 
conclusion is based on the observation that the body weight 
of the calcium-supplied control rats in the third group could be 
maintained equal to that of their calcium-deficient pair mates 
if their food intake was restricted to a level slightly below 
that of the deficient rats, which were on an unrestricted food 


* One of the calcium-deficient rats died and its brain was eaten by its cage mates. 
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intake (fig. 1). The calcium-deficient rats ate 456 gm. of air- 
dry food in 65 days. The calcium-supplied pair mate received 
372 gm. of air-dry food during the same period. 

Relative size of parts of body. The deficient rats of the third 
group were stockier. Their length from nose to end of tail 
averaged 31.8 + 0.7 em., while that of the controls was 35.1 + 
0.6 em. The deficient rats had, however, thinner bones; their 
mean femur thickness was 2.6 + 0.1 mm., while that of the 
controls was 3.0 +. 0.04 mm. The head, also, was shorter and 
narrower. 

No systematic difference was found in the dry weight of the 
thyroid and adrenal glands of deficient and control rats. The 
deficient rats had a higher weight of the liver than the controls: 
1.80 + 0.04 gm. against 1.48 + 0.09 gm. 

Mineral content of rats. As table 2 shows, at the end of the 
trial, the calcium-deficient rats of the third group (paired 
feeding) had only half as much ash in their body (2.7 gm. 
per rat) as did the controls (5.8 gm.). This difference de- 
veloped even though the caleium-deficient rats ate 9.5 gm. of 
mineral matter during the entire trial period, and the supplied 
controls, only 9.1 gm. 

The mean calcium content of the dry carcasses of the defici- 
ent rats was only about one-third as high as that of the control 
rats (table 2). The percentage of calcium in the body of the 
controls (1.01% fresh weight) is practically the same as that 
found by Sherman and MacLeod (’25) for 90-day old females 
(0.09% ). 

The calcium concentration in the blood serum of the calcium- 
deficient rats was about one-half that of the controls (5.3 mg. 
per 100 ce. of blood serum for four calcium-deficient rats as 
against 11.3 mg. per 100 ec. of serum in four calecium-supplied 
controls). The phosphorus content of the blood was slightly 
higher in the calcium-deficient rats (9.27 mg. P per 100 ce. 
serum) than in the controls (8.66 mg. P per 100 ce. serum). 

Activity of rats. Among the symptoms of calcium deficiency 
listed by McCollum, Orent-Keiles and Day (’39) is hyper- 
irritability. According to Greenberg, Boelter and Knopf 
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(’39), however, lack of calcium alone does not lead to hyper- 
irritability or tetany. This observation of the last-mentioned 
authors was confirmed by our work. 

In the calcium-deficient rats used in our tests there was 
nothing to indicate an increased activity in the usual sense 
of the word. A. H. Smith, assistant of the senior author at 
Davis, tested the activity by placing all rats together on a 
table and determining at regular intervals, as most active, 
those rats that had moved farthest away from the group. He 
always found that the control rats left the group sooner, and 


TABLE 2 


Chemical composition of calcium-deficient rats and their pair-fed controls. 
All data are the means of siz rats. Group 3 





CALOIUM caLorum | 








CATEGORY OF INTEREST DEFICIENT SUPPLIED | DIFFERENCE 
RATS RATS 

Body weight: 

Moist, grams 146 +4.7 146 +2.4 

Dry, grams 39.7 +1.6 48.8 +2.1 | 9.1 +2.6 
Body analysis: 

Ash in grams 2.7 £0.04 | 5.8 +0.33) 3.1 £0.33 

Organic matter, in grams 37.0 +1.6 | 43.0 42.2 | 6.0 +2.7 

Fat in grams 7.11.7 | 12.5 +2.6 | 5.4 +3.1 

Protein (by difference) in grams 29.9 +0.9 | 30.5 +1.2 | 0.6 +1.5 
Relative content of calcium in dry careass 

in per cent | 1.15+0.07 | 3.02+0.29| 1.87+0.30 








that the calcium-deficient ones stayed longer where they were 
placed. 

Fasting catabolism. In a first series of respiration trials 
with the first group of rats, the calcium-deficient rats had a 
mean daily fasting catabolism of 102.2 + 27.5 kilocal. per 
kg*/*. The corresponding mean daily rate for the controls was 
86.0 + 5.2 kilocal. per kg*’*. The metabolic rate of the calcium- 
deficient rats was thus considerably and significantly higher 
than that of the controls, which, as such, was already high 
compared with the rate of other normal rats. The repetition 
of these respiration trials on the same rats 4 days later 
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showed a general decrease in the metabolic rates, but again 
a greater average daily rate for the calcium-deficient rats 
(90.2 + 3.8 kilocal. per kg*’*) than for the controls (78.7 + 3.3 
kilocal. per kg*’*). 

These results were essentially confirmed by three series of 
respiration trials with the six calcium-deficient and the six 
control rats of the second group (also on unlimited food 
intake), carried out when the animals were 54, 60 and 66 days 
of age. In these trials, the daily metabolic rates of the calcium- 
deficient rats were 97 + 2, 100 + 3, and 92 + 2, those of the 
calcium-supplied controls, 88 + 4, 94+ 5, and 87+ 4 kilo- 
calories per kg*’*.* The difference in the metabolic rates 
between deficient and control rats is smaller in the second than 
in the first group. 

Possibly the results on the second group of rats are less 
conclusive than those on the first group because the calcium- 
deficient rats were erroneously allowed to drink tap water 
instead of distilled water. Their calcium deficiency, though 
in evidence, may have been less pronounced than in the first 
group. 

The data obtained in six series of respiration trials on the 
third group of rats during fasting are summarized in table 3. 
The first two series were run during the period in which all 
rats were being fed the same calcium-deficient food ad libitum. 
The results of these two series were used to select pair mates 
that were metabolically quasi-equal. On the first trial made 
after the control and deficient rats were placed on their 
respective diets, the deficient rats had a higher metabolic 
rate than their controls (third series). The difference is not 
statistically significant when expressed per rat (because of the 
variations within each group), but becomes so when ex- 
pressed per ke”’*. 

The metabolic rate of the calcium-deficient rats in the later 
series remained essentially at the same level when expressed 


*See footnote 1. 
* According to analysis by the chemistry division, the tap water of the University 
Farm at Davis contains 22 to 31 parts Ca per million, and 44 to 54 parts Mg 
per million (Bisson and Huberty, 739). 
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per rat, and dropped only slightly when expressed per kg*’* 
(table 3). The metabolic rate of the control rats, however, 
decreased with increasing age, so that, in the fifth series, 
when the mean body weight of calcium-deficient and supplied 
rats was practically the same, the metabolic rate of the 
calcium-supplied controls was significantly lower than that 
of their deficient litter mates. 

The last column of table 3 shows the average resu!ts ob- 
tained when the metabolic rate per kg*’* of each calcium- 
deficient rat was expressed in per cent of the corresponding 
figure for its litter mate control. As these figures demonstrate, 
the difference in metabolic rate between calcium-deficient rats 
and controls increases with age. This increased difference 
in metabolic rate parallels an increase in the degree of calcium 
deficiency, which is derived from the curves for weight and 
appetite (plotted in fig. 1), and from the observation that 
the deficient rats became less and less active, and occasionally 
bled from the nose. 

We feel justified to draw the conclusion from our observa- 
tions—on rats fed ad libitum, but particularly on those fed 
in pairs to maintain equal body weight between deficients and 
controls—that calcium deficiency increases the rate of fasting 
catabolism, while decreasing the activity of the rats. 

Calcium deficiency and food utilization. The six calcium- 
deficient rats of the third group gained 42 gm. of body weight 
per rat in 65 days on 456 gm. of air-dry food. The six caleium- 
supplied controls gained 54 gm. of body weight per rat in the 
same time on 372 gm. of air-dry food. The total weight 
efficiency of the calcium-deficient rats was thus 9.2 gm. gain 
per 100 gm. of air-dry food consumed; for the calcium- 
supplied rats, 14.5 gm. gain per 100 gm. air-dry food. 

The heat of combustion of the rat feed was calculated from 
the chemical composition, using 5.86 kilocal. per gram casein, 
9.4 kilocal. per gram fat, and 4.0 kilocal. per gram sucrose. 
By this caleulation, 100 gm. rat feed with 92 gm. dry matter 
had a heat of combustion of 5.15 kiloeal. During the 65 days 
of the trial, the calcium-deficient rats consumed 84 gm. more 
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air-dry food per rat than the controls. This difference in food 
intake amounts to 433 kilocal. of food energy. The calcium- 
supplied controls, moreover, gained 5.4 gm. more body fat 
and 0.6 gm. more body protein per rat than their calcium- 
deficient pair mates. The energy of this extra gain amounts 
to 55 kilocal. per rat. Thus, the deficient rats wasted 433 + 55 
= 488 kilocal. more energy per rat in 65 days, or 7.5 kilocal. 
more per day than the controls. This amounts to 25.5% of 
the total food energy consumed by the calcium-supplied rats 
(372 & 5.15 = 1916 kilocal.) during the experimental period. 

This extra waste by the deficient rats may be explained 
partially by their higher fasting catabolism. The mean dif- 
ference for three series of respiration trials (series 3, 4 and 
5, table 3) was 3.6 kilocal. of heat lost per rat per day. Since 
one may reasonably assume that this difference in the fasting 
catabolism between deficient and supplied rats was smaller 
at the earlier stages of the deficiency, one may deduce that 
no more than one-half of the extra waste of food energy 
observed in the calcium-deficient rats is accounted for by the 
increase in the basal metabolism. Therefore, it may be con- 
cluded that calcium deficiency not only decreased the total 
efficiency of food utilization by increasing the basal metabolic 
rate, but also decreased the partial efficiency of food utiliza- 
tion.* This may mean that calcium-deficiency leads to a lower 
digestibility or to a greater excretion of incompletely oxidized 
products in the urine. It may also mean a higher calorigenic 
action or, of course, a combination of these three effects. 

Kriss and Smith (’38) did not find a significant difference in 
the calorigenic effect of a low salt diet compared with a 
normal salt diet fed to rats. They conclude from their 
results that ‘‘the increases in the basal metabolism caused by 
the mineral deficiency can fully account for the relatively 
greater increases in the total heat production of the low-salt 
rats in the feeding periods.’’ 


* Total efficiency of energy utilization is defined as the quotient 
Total gain of bodv energy 
Total energy of food consumed » 
Change in gain of body energy 
Corresponding change in energy of food consumed 





the partial efficiency as the quotient 
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One is, however, hardly justified in applying the results 
with a low salt diet directly to our investigation of the effect 
of a deficiency of calcium alone. 

The protein content of the rat feed was calculated from 
the results of a Kjeldahl determination by multiplying the 
nitrogen content by 6.38 which is the factor given for casein 
in the Official Methods for Agricultural Chemists (’35). By 
this calculation, 100 gm. of air-dry food contained 19.1 gm. 
protein. The calcium-deficient rats, having eaten 84 gm. more 
of air-dry food during 65 days than did the calcium-supplied 
controls, consumed 16.0 gm. more protein per rat. Since, 
moreover, the deficient rats gained 0.6 gm. less body protein 
per rat, they wasted 16.6 gm. more protein per rat than 
the controls. This extra waste amounts to 0.25 gm. protein 
per rat per day. 

The extra waste of food energy, resulting from calcium 
deficiency, amounted to 25% of the energy intake, the extra 
waste of protein to 23% of the protein intake, of the calcium- 
supplied controls. This comparison suggests that calcium 
deficiency affected the utilization of food protein to practically 
the same degree that it affected the utilization of food 
energy. 


SUMMARY 


1. Rats were fed a diet containing only 10 mg. calcium 
per 100 gm. of food. After 2 months, their mean beady weight 
was approximately 30% below the body weight of litter mate 
controls fed ad libitum on the same diet, but with added 
calcium. A considerable decrease in appetite on the calcium- 
deficient diet is mainly responsible for the retarded growth. 

2. The body weight of caleium-supplied control rats could 
be kept equal to that of their calcium-deficient pair mates by 
restricting their food intake through paired feeding to a level 
slightly, but significantly, below that of the calcium-deficient 
rats. 

3. The calcium-deficient rats were shorter, with a smaller 
skull, and a finer skeleton than their pair-fed controls. The 
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liver dry weight of the deficient rats was significantly higher 
than that of the controls. The carcasses of the deficient rats 
contained only one-half as much ash, and only one-third as 
much calcium, as that of the calcium-supplied controls. The 
calcium concentration of the blood serum of the deficient rats 
was reduced to one-half that of the controls. The calcium- 
deficient rats were less active than the controls. 

4. The rate of fasting catabolism per unit of 3/4 power of 
body weight of the calcium-deficient rats, kept in an environ- 
ment of 30°C. for 18 hours before, as well as during, the 
respiration trials, was consistently higher for the calcium- 
deficient rats than for their calcium-supplied controls. This 
result was obtained with two groups of rats all of which were 
fed ad libitum, in which case the calcium-deficient rats had a 
considerably smaller body weight than their calcium-supplied 
litter mate controls. The increase of metabolic rate resulting 
from calcium deficiency was confirmed by a third group of rats 
in which the pair mates were kept equal in body weight by re- 
stricting the food intake of the calcium-supplied controls. In 
the pair-fed group, the difference in the metabolic rate between 
calcium-deficient and calcium-supplied rats seemed to increase 
as the deficiency became more severe. The metabolic rate 
of the deficient rats in three successive series of trials was 
116 + 3, 122 + 3, and 132 + 4% of the corresponding rate of 
the controls. 

5. The total efficiency of utilization of food energy* was 
decreased by calcium deficiency, not only by a lowering of the 
food intake and by a higher basal metabolism, but also by a 
lower partial efficiency. This may mean a greater loss of 
unoxidized material in feces and urine, or a higher calorigenic 
action. 
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It has been repeatedly shown that the animal body when 
faced with adverse nutritive conditions adapts itself to them 
in such a way as to minimize their deleterious effects. When 
its food supply is restricted to borderline or inadequate levels 
of one or more nutrients, it uses its food with greater economy, 
either by lowering its nutritive requirements or by using 
more efficiently what nutritive material it secures. Young 
rats on a restricted intake of protein require less and less 
of both protein and energy for the maintenance of body 
weight (Jackson, ’37). In a similar manner, human subjects 
on an inadequate intake of energy adapt themselves to the 
restricted diet by a lowering of the basal metabolism and 
possibly in other ways, with no observed detriment to health 
(Benedict et al., 19). The dairy cow, even while producing 
milk, adapts herself to a low level of calcium intake with no 
impairment of health, breeding efficiency or milk and butterfat 
production over a period of 5 or 6 years (Fitch et al., ’32; 

* This experiment was made possible by the donation of funds to the University 
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the Physiological Effects of Spray Chemicals, appointed by the director of the 
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H. H. Mitchell, W. A. Ruth, W. P. Flint and Julia P. Outhouse. 
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Palmer et al., ’35). ‘‘Balance trials furnished the explana- 
tion of these results in indicating an ability of dairy type 
cows to adjust themselves to the Ca content of the ration and 
to conserve the quantity ingested when this was limited.’’ 
In a similar manner, growing children habituated to a low- 
calcium diet have been found to store up to 89% of an intake 
(0.2 to 0.25 gm.) only one-fifth to one-fourth of that recom- 
mended in current dietary standards (Nicholls and Nimala- 
suriya, ’39). At least a partial explanation of this adaptation 
to an intake of calcium otherwise incompatible with maximum 
retention may be found in the fact that the efficiency of 
calcium utilization is dependent upon the degree of calcium 
saturation of the tissues, the efficiency being greater with 
depleted than with replenished stores (Rottensten, 38). The 
adaptive powers of the body thus may alleviate, or within 
limits, entirely obviate the penalties of undernutrition. 

In the case of harmful dietary constituents also, the adaptive 
powers of the body come into play. As examples only, the 
acquisition of a tolerance to organic arsenicals (Kuhs, Longley 
and Tatum, ’39) and to aleohol (Lévy, ’35) may be cited. 
Presumably this tolerance involves either an increased ef- 
ficiency in the elimination from the body by excretion or 
oxidation of the deleterious constituent, or the develor »ent 
of a hyposensitivity to it, or both. 

There is little information available concerning the adapta- 
tion of the body to dietary fluorine. Among the few studies 
on record in which the balance of fluorine was determined 
with experimental animals is the investigation of Brandl and 
Tappeiner (1891) on a dog. The animal was fed increasing 
amounts of sodium fluoride from 0.1 to 0.9 gm. daily and the 
output of fluorine in urine and feces was determined in suc- 
cessive 3-week periods. In the first 3 weeks no fluorine was 
detected in the excreta, which thereafter contained rapidly 
increasing amounts. Making allowance for the crude analytical 
method for fluorine used, the findings nevertheless indicate 
a rapidly increasing efficiency of the body in eliminating in- 
gested fluorine. In an investigation of the relative toxicity 
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of fluorine administered in water and in food, the writers have 
recently shown (Lawrenz, Mitchell and Ruth, ’39b) that 
in balance periods 8 weeks apart a considerably greater pro- 
portion of the ingested fluorine was excreted in the second 
than in the first period, the averages for four rats being 71 
and 49%, respectively. These few data also point to an 
increasing efficiency in the elimination of fluorine with in- 
creasing duration of fluorine feeding. 

The purpose of the investigation to be reported in this 
paper was to secure additional and more complete informa- 
tion of the adaptation of the growing rat to diets containing 
constant concentrations of fluorine. In particular, it was 
desired to follow closely the efficiency of the excretion of 
fluorine in successive short periods of time, and to determine 
whether the degree of adaptation, if such occurred, would 
depend upon concentration of fluorine in the diet. Since 
this investigation is one of a series relating to the fluorine 
hazard incident to the consumption of sprayed fruit, the 
source of the fluorine was the spray chemical, synthetic eryo- 
lite, and the concentrations of dietary fluorine studied were 
low, not exceeding 15 p.p.m. 


EXPERIMENTAL METHODS 


The balance of fluorine on three experimental diets was 
compared in successive weekly or biweekly periods. The 
basal diet consisted of ground wheat 62%, dried whole milk 
33%, fortified cod liver oil 1.5%, wheat germ oil 0.5%, sodium 
chloride 1%, and 2% of a modification of the Wesson (’32) 
salt mixture, consisting of the withdrawal of sodium fluoride 
and the addition of small amounts of cobalt chloride and zine 
carbonate. The diets to be compared were prepared by adding 
to the basal diet synthetic cryolite in amounts to provide 3, 
6 and 12 p.p.m. of fluorine in addition to that present in 
the basic ingredients. The first diet always contained over 
4 p.p.m. of fluorine, and the second and third diets about 6.5 
and 12.5 p.p.m., respectively. Apparently there was a greater 
loss of the cryolite dust during mixing of the latter two 
rations than of the former. 
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In comparing these diets, six trios of rats were selected 
as experimental animals. The rats in each trio were taken 
from the same litter and were of the same sex and approxi- 
mately of the same body weight. Five of the trios were young 
rats weighing initially between 40 and 50 gm. The sixth 
trio was started on experiment 4 weeks later, because of a lack 
of metabolism cages, and weighed initially about 137 gm. 
During this 4-week interim the three rats were kept on a 
diet to which no fluorine was added, and fed in amounts to 
maintain approximate equality in weight. Throughout the 
experimental feeding period, the rats in each trio were fed 
the same amount of food. 

The first four collection periods were of 6 or 7 days dura- 
tion each. All subsequent periods were 14 days in length. 

The rats were kept in metabolism cages identical with those 
previously described (Lawrenz, Mitchell and Ruth, ’39 b). The 
feces of the various experimental periods were separated 
by the use of Fe,O, as a marker. The collection of feces and 
urine and their analysis for fluorine have been described in 
detail in the paper just cited. As there stated, the collections 
of urine were filtered through glass wool to remove con- 
taminations of hair, bits of food and other debris. This 
accumulated waste from each rat was saved and analyzed for 
fluorine at the end of the experiment. 

The rats were continued on experiment from 22 to 32 weeks. 
Most of the rats developed ‘‘sniffles’’ after 6 months, and 
the experiment on any trio of rats was terminated if the 
respiratory disease became serious enough to impair appetite. 

At the termination of the feeding period, the rats were 
killed, the body length and empty weight determined, and the 
fluorine content of skeleton, teeth and soft tissues determined 
as previously described (Lawrenz, Mitchell and Ruth, ’39 a). 


DISCUSSION OF EXPERIMENTAL RESULTS 


During the course of the feeding experiment no ill effects 
of the fluorine supplements were noted. There was no tendency 
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for the rate of gain to decrease with increasing additions of 
fluorine to the diet (table 1) nor for the appetite to be im- 
paired, as indicated by the number of food refusals. Growth 
as measured by attained body length was not inhibited. On 
the contrary, there was a slight though statistically distinct 
tendency for the attained body length to increase with increas- 
ing dosage of fluorine, the average differences between the 
rats receiving 3 and 6, and 6 and 12 p.p.m. of added fluorine 
being about 2 mm. These differences were associated with 
corresponding average differences in weight of skeleton 
(table 1), although the latter were not statistically significant. 

The results of the balance experiments are too voluminous 
to be presented in detail. In all, there were 279 urine collec- 
tions and a like number of feces collections, each of which 
was analyzed for fluorine. In reducing these data to a form 
suitable for presentation, attention was directed first to the 
percentage of the fluorine intake that was excreted in both 
urine and feces. These percentages were then averaged for 
the six rats receiving 3 p.p.m. of supplemental fluorine for 
the thirteen to eighteen experimental periods, and similarly 
for the six rats receiving 6 p.p.m. and 12 p.p.m. of supple- 
mental fluorine. The average data were then plotted against 
elapsed time on the experimental rations. The circled points 
in figures 1, 2 and 3 indicate this relationship for the three 
experimental rations tested. 

It is evident from these figures that with increasing time 
on these fluorine-bearing rations, increasing proportions of 
the fluorine intakes were eliminated in feces and urine. In all 
three cases, there was a rapid increase in the percentage of 
the fluorine intake excreted during the first three or four 
experimental periods, followed by a more gradual increase. 
In fact, the general form of the relationship calls to mind 
the mathematical equation of the curve of diminishing incre- 
ment, which, in the present application of it, may be written 


as follows: 
p=A—Be 
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where p is the percentage of the fluorine intake excreted at 
time t measured from the initiation of the diet, A is the 
maximum percentage toward which the curve is moving, B is 
the total gain in p made in reaching the maximum value A, 
and k is a constant expressing the fractional decline in the 
rate of increase of p. This equation has been fitted to the 
three sets of data by a method suggested by Lipka (718, p. 142), 
































60) . 
ae . a 
© 
g : 
Bod S19 
4 : 
. 
z : 
ze S 60) 
: 3pepm of Fluonne Fy ° 
3 p+ 810 -308Se 3 6p.pm. of Fluorine 
<s < - - oosesst 
3 PF & p+ 900-4046e 
= - 
s z= 
= 40) ” Ss |e 
z &“ 
ww 400 GOO tte 40 60 180 200 220 
DAYS GN EXPERIMENT > 620 rr) 7) 30 700 Teo 140 160 180 200 220 
OAYS ON EXPERIMENT 








1 2 
Fig.1 The relationship between the percentage excretion of fluorine in urine 
and feces, and the elapsed time since fluorine feeding was initiated, in the case 
of rats receiving the diet containing 3 p.p.m. of added fluorine. 
Fig.2 The relationship between the percentage excretion of fluorine in urine 
and feces, and the elapsed time since fluorine feeding was initiated, in the case 
of rats receiving the diet containing 6 p.p.m. of added fluorine. 
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Fig.3 The relationship between the percentage excretion of fluorine in urine 
and feces, and the elapsed time since fluorine feeding was initiated, in the case 
of rats receiving the diet containing 12 p.p.m. of added fluorine. 
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which is simple but quite satisfactory for such small sets of 
variable data. It is evident from the charts that the curves 
thus obtained trace the course of the relationship between 
percentage fluorine excretion and time, and therefore that 
this relationship is one of diminishing increment. This means 
that the percentage fluorine excretion increases toward a 
maximum value but at a constantly diminishing rate. This 
maximum percentage varies from 80.5 to 90 for the three 
groups of data. 
TABLE 2 


Average percentage excretion of fluorine in successive periods 











LENGTH OF 
PERIODS IN RAT 181 RAT 184, RAT 187 RAT 190 RAT 193 RAT 196 
DAYS 
4 «3 pp.m. of fluorine added to diet: 
27 54.7 51.1 39.7 55.5 50.4 57.7 
56 63.6 58.5 63.8 61.8 57.1 70.8 
70 70.6 71.5 59.9 68.9 69.0 72.5 
70 66.4 72.3 72.1* wee 
RAT182 RAT 185 RAT 188 RAT 191 RAT 194 RAT 197 
6 p.p.m. of fluorine added to diet: 
27 48.7 48.9 54.9 47.3 50.9 56.4 
56 61.9 57.2 58.4 60.4 59.2 67.8 
70 67.4 62.8 71.7 71.3 65.4 73.2 
70 Kas 71.0 75.4 72.5 * 
RAT 183 RAT 186 RAT 189 RAT 192 RAT 195 RAT 198 
12 p.p.m. of fluorine added to diet: 
27 41.4 32.6 37.8 39.3 45.9 45.7 
56 51.1 51.9 51.8 51.0 44.5 60.6 
70 62.6 62.8 63.2 61.6 60.5 70.3 


70 ose 67.2 69.5 64.1* 
* This period lasted only 56 days. 








That this increase is highly significant is proved by the fact 
that it is evident in the metabolism data for each of the 
eighteen rats in the experiment. The disturbing effect of 
the large period-to-period variation in the percentage of the 
fluorine intake excreted is minimized by averaging together 
a number of individual period results and thus divicing the 
experiment into three or four subperiods. This has been done 
in the construction of table 2. It may be seen from a study 
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of this table that for each rat there is a progressive increase 
in the percentage with only two exceptions, i.e., rats 184 and 
195, which exhibited decreases from the third to the fourth 
period, in the former case, and from the first to the second 
period in the latter. 

The increase with elapsed time in the percentage of the 
fluorine intake eliminated from the body was evident in both 
fecal and urinary excretions but to a somewhat greater degree 
in the fecal excretion. On the average, about 46% of the 
excreted fluorine appeared in the urine and 54% in the feces. 

The diminishing rate of increase in the percentage excretion 
may be considered the result of a physiological adaptation of 
the organism to a foreign and potentially harmful dietary 
ingredient. The excretion-time relationship is similar to other 
adaptation phenomena, such as the dark adaptation of the 
human eye as described by the threshold intensities of light 
(Wald, Jeghers and Arminio, ’38), and the compensatory 
hypertrophy of the kidney after unilateral nephrectomy (Smith 
and Moise, ’27) and superimposed graded increases in protein 
intake (MacKay, Addis and MacKay, ’38, fig. 1). Advancing 
age of the rats may have modified the picture to some extent, 
since the rats in trio 6 (nos. 196, 197 and 198), put on experi- 
ment at a much greater initial weight, each excreted in general 
a greater percentage of the ingested fluorine than the other 
rats on the same rations (table 2). On the other hand, these 
half-grown rats exhibited essentially the same excretion- 
time relationship as the other rats started on experiment at 
only one-third of their initial weight. 

The curves in figures 1, 2 and 3 indicate certain differences 
among the three groups of rats on the three experimental 
rations with reference to the percentage of ingested fluorine 
excreted. In general the observed percentage decreased as 
the fluorine supplement to the ration was raised from 6 to 12 
p.p.m., while no consistent effect was produced on raising the 
supplemented fluorine from 3 to 6 p.p.m. Out of ninety-four 
possible comparisons between individual rats and individual 
experimental periods, fifty comparisons of the 3 and 6 p.p.m. 
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levels showed a greater percentage excretion of fluorine for the 
lower fluorine level; in the comparison of the 3 and 12 p.p.m. 
levels, seventy-three cases favored the lower fluorine level, 
while in the comparison of the 6 and 12 p.p.m. levels, seventy- 
seven cases favored the lower fluorine level. The most proba- 
ble outcome in all comparisons if fortuitous factors alone 
operated would be forty-seven cases favoring the lower 
fluorine level and as many favoring the higher. The deviations 
from the ideal may be compared with the standard deviation of 
the binomial distribution of ninety-four events that may 
happen with equal probability in either of two ways, i.e., 
V 0.5 X 0.5 X 944.85. The deviation of 50 from 47 is con- 
siderably less than the standard deviation and hence may 
well have resulted from fortuitous factors only. On the other 
hand, deviations of 73 — 47 = 21 and of 77 — 47 = 30 are four 
to six times the standard deviation and hence may reasonably 
be considered the results of differences in imposed experi- 
mental conditions. From this analysis, it may be concluded 
that the percentage excretion of fluorine on the highest fluorine 
level tested is significantly less than that on the two lower 
levels, while between the latter two no significant difference 
exists. 

The fluorine balance data may be compared with the results 
of the carcass analyses (table 1) with reference to the percent- 
age of retained fluorine. In making this comparison, the total 
of excreted flucrine for each rat was increased by the amount 
of fluorine found in the debris filtered from its urine collec- 
tions, averaging 40, 55 and 58 meg. for the rats on the three 
experimental rations. These values deducted from total 
fluorine intake would give an indirect determination of the 
fluorine retained, which is then expressed as a percentage of 
the intake. With the second set of data, the retained fluorine 
would equal the difference between the fluorine recovered 
in the carcasses and the initial contents of fluorine estimated 
from the initial body weights of the rats and the concentra- 
tion of fluorine found in the check rat litter mates sacrificed 
at the beginning of the experiment. For the five trios started 
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at 40 to 50 gm. in weight, the corresponding check rats ana- 
lyzed from 4.7 to 5.7 p.p.m. of fluorine with an average of 5.2. 
For trio 6 started at about 140 gm., the check rat analyzed 
2.1 ,.y.m. of fluorine. A comparison of the results of these 
two methods of estimating the percentage of retained fluorine 
is made in table 3. 

The estimates of fluorine retention expressed as per cents 
of the intakes obtained from carcass analysis were smaller 
for all rats but two than the estimates based on the balance 
data. The average differences for the rats on the three levels 
of fluorine were 2.6, 1.1, and 7.1, respectively, equivalent to 
percentage deviations of 8.1, 3.3 and 19.9 from the average 
values obtained from the carcass analyses. Quite probably 
the balance data are in error on account of the much greater 
number of possibilities for loss of fluorine during the many 
manipulations involved. For the two lower levels of fluorine 
intake the errors are seemingly not excessive, but for the 
highest level the error is considerable. Subsequent tests 
showed that the microtechnic employed in analyzing the 
urine and feces of the rats receiving 12 p.p.m. of fluorine in 
their food was demonstrably in error because of the relatively 
large amounts of fluorine involved. Probably for this reason 
the results are about 5% too low. 

A statistical analysis by the method of Student (’08) of the 
percentage retentions of fluorine estimated from the amounts 
of fluorine recovered from the carcasses (table 3) indicates 
that while the average percentage of retained fluorine in- 
creased with increasing fluorine intake (31.98, 33.68 and 
35.65, respectively) only the average difference between the 
lowest and the highest levels (M = 3.66, s = 2.94, P = 0.020) 
is significant, the value of P indicating the probability of a 
fortuitous outcome. Possibly the number of animals used 
in this experiment is not great enough to establish the signifi- 
cance of the intermediate differences. We may conclude, 
however, that the effect of an increasing concentration of 
fluorine in the diet for the range of concentrations studied is 
to increase the percentage of fluorine retained. This would 
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indicate a less efficient adaptation to fluorine ingestion for 
the higher levels of intake. 

From the data of table 1, it appears that the imposed 
increases in the concentration of dietary fluorine brought 
about increases in the concentration of fluorine in bones and 
teeth. The data for the soft tissues are not considered en- 
tirely reliable, because of more or less obvious contamination 
with small particles of bone and cartilage. The teeth are 
more readily affected than the bones, since at the lowest level 
of fluorine intake the concentration of fluorine in the bones 
averaged four times that in the teeth, while at the highest 
level it averaged only 2.9 times. Only the teeth produced on 
the highest level of fluorine exhibited the characteristic 
striations under low-power magnification. 


CONCLUSIONS 


Growing rats adapt themselves to the continuous ingestion 
of low levels of fluorine by excreting greater and greater 
proportions of the ingested fluorine in feces and urine. The 
rate of adaptation decreases with elapsed time in accordance 
with the equation describing the curve of diminishing incre- 
ments. Maximum adaptation corresponds to increases of 60 to 
100% in the proportion of ingested fluorine that is eliminated 
by the intestine and the kidney. 

This adaptation involves the excretory capacity of both 
kidney and intestine, that of the latter to a somewhat greater 
extent. 

Within the range of dietary concentration of fluorine studied 
(4 to 12.5 p.p.m.), the adaptation of the growing rat to this 
potentially deleterious dietary ingredient is somewhat less 
efficient the greater the proportion of fluorine in the consumed 
food. 

Increasing consumption of fluorine occasions greater in- 
creases in the concentrations of this element in the teeth than 
in the bones. 
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THE PREVENTION OF NUTRITIONAL MUSCULAR 
DYSTROPHY IN GUINEA PIGS WITH 
VITAMIN E? 
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Goettsch and Pappenheimer (’31) in studying the nutritional 
role of vitamin E in herbivora observed an early appearance 
of extensive skeletal muscle degeneration in guinea pigs and 
rabbits reared on natural food diets in which the vitamin E 
had been destroyed by FeCl,. Although their diets were de- 
ficient in vitamin E, the administration of wheat germ oil did 
not appear to prevent the development of the deficiency disease. 

Madsen, McCay and Maynard (’33, ’35), in feeding syn- 
thetic rations containing cod liver oil to guinea pigs and rab- 
bits, observed a muscular dystrophy similar to if not identical 
with that described by Goettsch and Pappenheimer. The sub- 
stitution of a cod liver oil concentrate or of carotene and irradi- 
ated yeast for cod liver oil delayed but did not prevent the 
muscle degeneration. Madsen (’36) found that the inclusion 
of cotton seed oil in the diet resulted in a higher degree of 
protection against the dystrophy. McCay, Paul and Maynard 
(°37) reported that the muscle lesions were not produced when 
hydrogenated cod liver oil replaced the natural product. 

Morgulis and Spencer (’36), Morgulis, Wilder and Eppstein 
(°38) and Morgulis (’38) were able to show that the Goettsch 
and Pappenheimer diet was deficient in two factors, one water- 

* Aided by grants from the Research Board and the Department of Agriculture 
of the University of California, the Rockefeller Foundation and Merck and Com- 
pany, Rahway, New Jersey. The following materials were generously contributed: 
alpha-tocopherol by Merck and Company, Rahway, New Jersey; wheat germ by 
General Mills, Inc. Assistance was rendered by the Works Progress Administration, 
Official Project No. 65-1-08-62, Unit A-5. 
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soluble (present in wheat germ, alfalfa, lettuce and yeast) and 
the other fat-soluble (supplied by wheat germ oil, and in all 
probability vitamin E). Mattill (’38) has found that the 
dystrophy can be prevented by the inclusion of 2% wheat germ 
oil in a synthetic diet containing no source of vitamin E. He 
has suggested that autoxidative rancidity of the animal fats 
included in the dystrophy-producing diets may be the principal 
cause of the disorder, and that the vitamin E in the diets would 
serve as an anti-oxidant (Olcott and Emerson, ’37) as well as 
2 vitamin. Cummings and Mattill (’31) had previously shown 
that oxidative reactions initiated by the autoxidation of cod 
liver oil are destructive to vitamin E. Barrie (’38) and 
Goettsch and Ritzmann (’39) found that alpha tocopherol pre- 
vented the development of paralysis in the suckling young of 
vitamin E-low mothers, shown by Olcott (’38) to be due to a 
degeneration of the cross-striated musculature. 

Mackenzie and McCollum (’39) have demonstrated the cura- 
tive effect of alpha tocopherol with rabbits maintained on a 
modified Goettsch and Pappenheimer diet containing 10% 
ether-extracted wheat germ. Shimotori, Emerson and Evans 
(’39) have reported the protective effect of alpha tocopherol 
with guinea pigs reared on the Madsen, McCay and Maynard 
diet, modified in that it contained 10% yeast; and Morris (’39) 
has recently shown the curative effects of alpha tocopherol 
with rabbits reared on natural-food diets supplemented with 
cod liver oil. 

Mattill (’39) has explained the production of dystrophy in 
herbivora as follows: ‘‘Herbivorous animals have a large 
cecum where the food remains long enough for autoxidative 
changes to progress farther and more rapidly than in omniv- 
orous animals such as rats. From this point of view the long 
search for a toxic factor in cod liver oil, and for cures of the 
disorders produced thereby (cattle, rabbits, poultry) may have 
been following a wrong trail.’’ 

The results herein reported deal with the prevention of 
nutritional muscular dystrophy in guinea pigs by the prophy- 
lactic administration of vitamin E. 
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EXPERIMENTAL 


The diets used in these studies are shown in table 1. The 
diets were prepared by adding water to the agar-agar to make 
a gel. The remainder of the ingredients were then added and 
the mixture was run through a meat grinder. The cellulose 
was added after grinding and the mixture was allowed to dry. 
All diets were supplemented with 5 cc. of orange juice daily. 

A preliminary study was undertaken to ascertain whether 
whole wheat germ would prevent the dystrophy in guinea pigs 
subsisting on cod liver oil-containing diets. The cod liver oil 








TABLE 1 
DIET I DIET IL DIET III DIET IV 

% % % % 
Casein (commercial) 15 15 15 15 
Regenerated cellulose (Sylphrap) 15 15 15 15 
Cornstarch 35 30 40 35 
Sucrose 14 14 14 14 
Agar-agar 5 5 5 5 
Wheat germ 5 10 oe es 
Yeast * 5. 5 5 10 
Lard 2 2 2 2 
Cod liver oil? 2 2 Fed Fed 

separately separately 

Salt mixture * 2 2 2 2 





* Yeast foam powder, from the Northwestern Yeast Company, Chicago, III. 
* From E. R. Squibb & Sons, New York. 
* Hubbell, Mendel and Wakeman (’37). 


was incorporated into the diet to the extent of 2%, a quantity 
reported by Madsen et al. as sufficient to cause a severe dystro- 
phy within a period of 2 months. Whole wheat germ was in- 
corporated in the diet at two levels, namely, 5 and 10% (diets 
I and II). The guinea pigs were gradually accustomed to the 
ration by allowing a preliminary period of a few weeks to 
elapse during which the diet was gradually changed from the 
stock to the synthetic ration. 

The animals maintained on these diets supplemented with 
5 ec. of orange juice daily demonstrated that, in the presence 
of cod liver oil, 5 and 10% of wheat germ prevented dystrophy. 
As indicated in table 2, all of the animals appeared normal 











DESIGNA- DAYS ON 
DIET OUINEA EXPERI- 
I 
(5% wheat germ) 1 278 
2 231 
3 231 
4 259 
II 
(10% wheat germ) 5 280 
6 208 
7 350 
8 230 


Stock 
pellets + carrots 6 guinea pigs 


experiment. 


wheat germ oil. 


sized litters of young of normal weight. 


TABLE 2 
The anti-dystrophic activity of wheat germ 


. 


MAXIMUM 
WEIGHT 


gm. 


676 
652 
504 
906 


650 
706 
740 
536 
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when sacrificed at the periods indicated. However, the muscle 
creatine was low in three of the four guinea pigs receiving 5% 
wheat germ (method of Rose, Helmer and Chanutin, ’27). 
Goettsch and Brown (’32), Morgulis and Spencer (’36) and 
Fenn and Goettsch (’37) have found muscle creatine values 
to be invariably low in dystrophic rabbits, a finding that has 
been likewise observed in both suckling and adult rats with 
muscular dystrophy resulting from E avitaminosis. 


APPARENT 
CONDITION 
WHEN 
SACRIFICED 


Normal 
Normal 
Normal 
Normai 


Normal 
Normal 
Normal 
Normal 


The next experiment was planned to test the possible pro- 
tective action of wheat germ oil in the prevention of muscular 
dystrophy. Diet III, a slight modification of the ration em- 
ployed by Madsen, McCay and Maynard (’35), was used in this 


The guinea pigs were divided into the following groups based 
upon the supplements received daily (in addition to the orange 
juice): (1) 0.5 ee. cod liver oil 2; (2) 0.5 ec. cod liver oil and 
0.5 ec. wheat germ oil ;* and (3) 0.5 ec. cod liver oil and 0.75 ce. 


* The cod liver oil was considered to represent the remaining 2% of the diet. 
* The oil when assayed for vitamin E in a single dose of 0.5 gm. with young 
female rats of proved sterility enabled four out of four test animals to bear normal 





CREATINE 


GM. FRESH 


362-438 


MUSCLE 
PER 100 


MUSCLE 


mg. 


267 
343 
277 


298 


407 
372 
388 
360 
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The results of these experiments are tabulated in table 3. 
The ten control guinea pigs (group 1) developed muscular 
dystrophy and were almost moribund when killed. The first 
detectable symptom was a general loss of muscle tone. Diffi- 
culty was encountered in moving the hind limbs. The guinea 
pigs exhibited a marked delay in righting when placed on their 
backs. There was a striking decline in weight, and in the ter- 
minal stages the animals, being unable to stand, would lie on 


TABLE 3 
The anti-dystrophic activity of wheat germ oil and of alpha tocopherol 


MUSCLE 




















DIRT AND moxor PAYSON vaxreum — Conprrion © OREATINE 
SUPPLEMENT GUINEA MENT WEIGHT WHEN GM. FRESH 
PIG SACRIFICED MUSCLE 
gm. mg. 
III + 0.5 ee. cod 9 68 392 Paralyzed 252 
liver oil 10 80 498 Slightly 270 
paralyzed 
11 86 440 Paralyzed 117 
12 71 314 Paralyzed 154 
13 104 580 Paralyzed 165 
14 30 ove Paralyzed 288 
15 100 480 Paralyzed 195 
16 38 404 Slightly 257 
paralyzed 
17 61 420 Paralyzed 134 
18 50 474 Paralyzed 255 
III + 0.5 ee. cod 19 355 690 Normal 396 
liver oil and 0.5 20 355 550 Normal 400 
ec. wheat germ oil 21 256 616 Normal 428 
III + 0.5 ee. cod 22 301 552 Normal 408 
liver oil and 0.75 23 301 608 Normal 390 
ec. wheat germ oil 2 301 500 Normal 413 
IV + 0.5 ee. cod 25 26 206 Paralyzed 
liver oil 26 54 291 Paralyzed 
27 37 358 Paralyzed 
28 35 272 Paralyzed 
29 35 322 Paralyzed 
30 20 302 Paralyzed 
31 67 333 Paralyzed 
32 20 a Paralyzed ka 
IV + 0.5 ee. cod 33 200 530 Normal 437 
liver oil and 1.5 34 200 536 Normal 418 
mg. alpha tocoph- 35 200 576 Normal 471 


erol 36 200 510 Normal 437 
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their sides with their limbs rigidly outstretched. At autopsy 
the muscles appeared pale, shrunken and flabby. There was « 
marked decrease in creatine content of this tissue as contrasted 
with the normal. The guinea pigs receiving the two levels of 
wheat germ oil did not develop dystrophy and showed normal 
creatine values when sacrificed after the periods indicated. 
(One animal in each of the latter two groups developed a 
severe respiratory infection in the course of the experiment 
and was discarded.) 

Because of the protective action afforded by wheat germ oil, 
an attempt was made to see whether the pure substance—alpha 
tocopherol—would act similarly. The yeast in the diet was 
increased from 5 to 10% with a corresponding 5% decrease in 
the cornstarch. This increase in yeast was deemed advisable 
in order to avoid a possible deficiency in the water soluble 
factor of Morgulis and co-workers. 

The guinea pigs in the experiment were divided into two 
groups: (1) diet IV + 0.5 ce. cod liver oil daily; (2) diet IV 
+ 1 ce. cod liver oil and 3 mg. of alpha tocopherol (dissolved 
in 8 drops of ethyl laurate) fed on alternate days. (This pro- 
cedure was adopted as Cummings and Mattill had demon- 
strated that the autoxidation of cod liver oil was destructive 
to vitamin E.) The animals in each group received 5 cc. orange 
juice daily. 

The results of these experiments are included in table 3. 
The eight guinea pigs in the control group exhibited dystrophy 
(20 to 67 days) and were practically moribund when sacrificed. 
The four animals receiving alpha tocopherol did not become 
dystrophic and were in good condition when sacrificed at 200 
days and their muscle creatine values were found to be normal. 


DISCUSSION 


Guinea pigs maintained on a modified Madsen, McCay and 
Maynard diet were protected against nutritional muscular 
dystrophy and the muscle creatine was maintained within the 
normal range by the inclusion of: (1) 10% wheat germ in the 
diet (in the case of 5% wheat germ the clinical picture ap- 
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peared normal but the creatine values were below normal) ; 
(2) 0.5 and 0.75 ce. wheat germ oil daily; (3) 1.5 mg. alpha 
tocopherol daily (3 mg. on alternate days). 

The guinea pigs receiving the purified diet averaged about 
one-third less in weight than do animals in our stock colony 
reared on commercial pellets and carrots. Our diet was in all 
probability low in the ‘‘grass juice factor’’ of Kohler, Elveh- 
jem and Hart (’38) and Kohler, Randle, Elvehjem and Hart 
(°39). Preliminary experiments conducted in our laboratory 
would indicate that the yeast powder used in these experiments 
carries the grass juice factor. In some cases respiratory in- 
fection was noted. This has been the experience of other 
workers using synthetic or purified diets (Madsen, McCay and 
Maynard; Gioettsch and Pappenheimer). 

The suggestion by Mattill (’38, ’39) as to the role of cod 
liver oil in dystrophy-producing diets would offer an explana- 
tion of our results. 


SUMMARY 


Wheat germ, wheat germ oil, and alpha tocopherol protect 
against the nutritional muscular dystrophy that can be pro- 
duced in guinea pigs reared on the Madsen, McCay and May- 
nard cod liver oil-containing diet. It would, therefore, seem 
apparent that when the vitamin B complex is adequately sup- 
plied, vitamin E is the specific factor preventing nutritional 
muscular dystrophy. 
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Little attention has been given to the fat requirements and 
metabolism of the chicken, despite the facts that the fattening 
of this species during growth is important and that the chicken 
puts a higher percentage of fat into the egg than the cow puts 
into milk. The object of the present study was to determine 
the effect on growth of as extensive a removal of fats and fat- 
like substances from an ordinary growing mash as is possible 
by means of fat solvents. 

In a preliminary trial, birds fed an ordinary growing mash 
containing 4.0% fat grew to 885 gm. and those on a low fat 
ration, containing 0.025 to 0.074% fat grew to 769 gm. during 
the first 14 weeks of life. The fact that the low fat group did 
not show a marked nutritional failure led to a more carefully 
controlled experiment to determine whether the difference in 
growth response of the two groups was due to the differences 
in fat content of the rations or to a failure to supply adequate 
quantities of certain of the vitamins when the low fat ration 
was fed. 

Since essentially the same procedure was used in the pre- 
liminary and in the final trial, only the latter will be described, 
with comments as to the important modifications which were 
introduced in an attempt to make the two rations more nearly 
alike, except for their fat content. 


Journal series paper of the New Jersey Agricultural Experiment Station, 
Department of Agricultural Biochemistry. Presented before the Division of Bio- 
logical Chemistry, American Chemical Society, Dallas, Texas, April 20, 1938. 
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EXPERIMENTAL 


Preparation of the ration. An all mash growing ration was 
used the percentage composition of which was as follows: 
ground yellow corn, 47; wheat middlings, 20; wheat bran, 15; 
meat scrap, 9; dried skimmed milk, 5; oyster shell, 3, and 
sodium chloride, 1. 

To obtain the low fat ration the above mixture was extracted 
with diethyl ether.? Early in the experiment a Drake and Spies 
(’33) extractor was used and an extraction period of 150 hours 
reduced the fat content to 0.025%. Later the feed was ex- 
tracted by allowing it to stand with diethyl ether for a 3-day 
period during which the ether was changed several times. This 
gave a product containing slightly less than 0.1% fat. The 
analyses were made by the Soxhlet method using a 20 gm. 
sample. 

As a result of extraction, the low fat ration was dry and 
powdery as compared with the normal and was probably less 
palatable. The addition of 8% water to the extracted material 
gave it a consistency essentially the same as that of the normal 
ration. In order to replace in part the caloric value of the fat 
which had been removed and to maintain protein at essentially 
the same level as that of the normal ration, 5% sucrose was 
added to the iow fat ration. 

The fat content of the normal mash averaged 4.1% and that 
of the several batches of extracted ration 0.098%. The addition 
of ether-extracted yeast and sucrose further decreased the fat 
content to 0.088%. 

Since the extraction procedure would remove fat-soluble 
vitamins and to some extent those of the water-soluble type, 
certain vitamin supplements were provided. To insure an ade- 
quate vitamin intake and to obviate the possibility of any dif- 
ference in response due to differences in vitamin content, the 
same quantities of supplements were supplied to the normal 
as to the low fat group. 


? We desire to express our appreciation of the assistance rendered by Merck and 
Company, Rahway, New Jersey, in the extraction of a portion of the feed. 

















FAT REQUIREMENTS OF THE CHICK 557 


Vitamin A. Carotene was fed at the rate of 0.1 mg. per bird 
per day during the first 10 weeks of the experiment but during 
the remaining 4 weeks the quantity was doubled. On the basis 
of feed intake, each bird consumed an average of 550 LU. 
(International Units) of carotene per 100 gm. of feed through- 
out the experiment. The quantity of carotene supplied was 
several times that reported by Record, Bethke and Wilder 
(’37), namely, 50 to 100 y (80 to 160 I.U.) per 100 gm. of ration 
as the minimum for normal growth to 8 weeks of age. 

The carotene was fed thrice weekly by capsule. It was dis- 
solved in ether, the solution pipetted into capsules and the 
solvent removed in vacuo. The closed capsules were stored at 
0°C. Under these conditions there was no loss of potency 
during 1 week. 

Vitamin B factors. To insure an adequate supply of the 
vitamin B group of factors, 1% of yeast, extracted with cold 
ether, was incorporated in both the normal and low fat ration 
for the first 3 weeks of the experiment. For the remainder of 
the experimental period the level was increased to 2%. The 
average fat content of the several batches of extracted yeast 
was 0.224%, a quantity which would have a negligible effect on 
the percentage of this constituent in the whole ration. 

Vitamin D. This factor was supplied by irradiation of the 
chicks with a quartz-Hg lamp for three 5-minute periods each 
week. The burner of the lamp was 65 cm. from the surface on 
which the chicks stood. 

Other vitamins and essential factors. Extraction of the 
ration probably removed part or all of the antihemorrhagic 
factor, vitamin K. Certain birds in the first experiment showed 
subcutaneous hemorrhage but this condition was not observed 
during the second trial. Almquist and Stokstad (’36) have 
reported that the factor develops in moist fish meal or meat 
scrap and that it is formed in the intestinal tract of the chick 
on a vitamin K deficient diet. Thus the fact that water was 
added to the mash during the second trial and not during the 
first may account for the absence of vitamin K deficiency in 
the second experiment. Although the chicks were on raised 
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mesh floors, droppings could be consumed and it is possible 
that some of the factor may have been obtained from this 
source. 

Vitamin E was probably removed or decreased markedly by 
the extraction procedure, although a rat assay of the ration 
was not made. No attempt was made to supply this factor be- 
cause at the time this work was done it was available only in 
a fatty medium. Assuming that vitamin E was removed from 
the ration to a considerable extent by extraction, it could be 
concluded that this factor is not necessary for growth. This 
conclusion is in agreement with results reported by Sloan, 
Card and Adamstone (’37). These workers noted internal 
lesions which might be ascribed to vitamin E deficiency, but 
no internal abnormalities were observed in the present ex- 
periment. 

Day-old White Leghorn chicks were fed a small quantity of 
the low fat ration for the first 3 days of life in order to deplete 
the fat reserves. They were then distributed according to 
weight into two groups of fifteen birds each. They were housed 
on wire mesh floors, at first in an electric brooder and later in a 
fattening battery. Individual weighings were made twice 
weekly. 


RESULTS AND DISCUSSION 


Of the fifteen birds started on each ration, only one of each 
group died. One bird was eliminated from the normal and two 
from the low fat group because they were stunted from the 
beginning of the experiment. One bird was discarded from 
the low fat group on account of a crooked beak. 

The growth performance on the two rations is shown in 
table 1. Although the average weights of both males and fe- 
males on the low fat ration were less than those on the normal 
at 14 weeks of age when the experiment was terminated, the 
differences were not marked as might be expected if an essen- 
tial nutritional factor were lacking. Since only three birds 
were used in calculating the average weight of the males of 
the normal group for comparison with five of the low fat group, 
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the average weights of the females allow a better comparison. 
The difference between the average weights of the females of 
the two groups, 26 gm., is essentially the same as the difference 
between the weighted averages. 

On account of the sex distribution, it was not possible to 
treat the data statistically according to sexes. However, when 
the growth responses of all of the birds of each group were 
considered, the probable error of the difference between the 
two means indicated that the difference in growth response is 
not significant. 


TABLE 1 
Growth response on normal and low fat rations 


NORMAL RATIONS LOW FAT RATIONS 


Males Females Weighted* Males Females Weighted 
WEEKS (3) (10) average (5) (6) average 
gm. gm. gm, gm, ir gm, gm. 
0 36 36 36 36 36 36 
2 100 101 100 99 97 98 
+ 162 179 170 179 178 179 
6 277 303 290 327 301 314 
8 456 462 459 508 414 461 
10 653 609 631 692 556 624 
12 912 820 866 917 778 847 
14 1116 940 1028 1071 914 993 


* Average weight of males plus average weight of females divided by 2. 


Therefore the chick is able to grow at essentially a normal 
rate when ether-soluble substances have been removed from 
the ordinary all-mash type of ration to such an extent that the 
quantity of these substances remaining is of the order of 0.1%. 
The general appearance, conformation and gross internal 
anatomy of the low fat group was the same as that of the 
normal. However, it was noted that the fat depots of the birds 
receiving the low fat ration were nearly white, while the 
depots of the normal chicks were light yellow. Likewise, the 
bile and the livers appeared lighter in color in the chicks of the 
low fat group. These findings are attributed to the absence of 
pigments in the extracted ration and are in agreement with 
those of Palmer (’15) who showed that the feeding of pigment 
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free rations to hens resulted in the appearance of light-colored 
egg yolks, body fat, and blood serum. 

An examination of the growth rates and the external and 
internal organs failed to show any evidence of vitamin A 
deficiency, and therefore it may be concluded that the growing 
chick is able to absorb and utilize sufficient carotene from a 
ration containing only a very small amount of fatty material. 
However, it should be noted that the quantity of carotene fed 
was of the order of five times that reported as the minimum 
requirement. It is possible that absorption of this factor is 
inefficient on a low fat ration and that a much larger quantity 
than the minimum is necessary in the digestive tract to assure 
adequate absorption. Experiments with hens in this labora- 
tory (unpublished data) have shown that carotene is not well 
absorbed on a low fat ration. 


TABLE 2 
Iodine numbers 


REGION NORMAL DIET LOW FAT DIET 

Neck 76.3-76.6 58.4-59.6 = 
Gizzard 76.5-76.8 58.5-59.9 

Abdomen 74.7-76.9 60.1-60.3 

Liver 90-113 93-112 


Iodine numbers of the fatty acids of depot fat from the 
neck, gizzard and abdomen were determined by the method of 
Rosenmund and Kuhnhenn as modified by Yasuda (’31, ’32) 
and are reported in table 2 along with those of liver fat. The 
values for the depot fat of the low fat group reveal a greater 
degree of saturation, in comparison with those of the normal. 
Thus the chicks on the low fat ration synthesized a more 
saturated body fat than that obtained from the feed by those 
on the normal ration. 

In contrast with the iodine numbers for the depot fats, those 
for the liver fat of the two groups were essentially the same. 
This observation, and the fact that the liver fat was more un- 
saturated suggest that this fat is not of the depot or storage 
type, but that it is an indispensable component of the organ. 
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Whether there is a sufficient quantity of fatty acids held in 
the feed particles, even after prolonged extraction (Taylor and 
Nelson, ’20) to meet any fat requirements of the chick can only 
be answered by the use of simplified rations of the type em- 
ployed by Burr and Burr (’29) and others in studies with 
the rat. 


SUMMARY 


1. The extensive removal of substances soluble in diethyl 
ether from an ordinary poultry growing mash did not retard 
growth of chicks significantly up to 14 weeks of age, when care 
was taken to provide the vitamins removed by the extraction 
process. 

2. Although dietary fat was reduced to a very low level 
(0.1% or less) crystalline carotene was utilized. However, 
the quantity of carotene fed was several times the minimum 
requirement. 


3. The depot fat formed on the low fat ration was more 
saturated than that of chicks on the normal ration. On the 
other hand the liver fat of both groups showed essentially the 
same degree of saturation. The liver fat was less saturated 
than the depot fat. 
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CYSTINE AND METHIONINE FOR GROWTH 
AND LACTATION ! 


J. R. HAAG AND L. D. WRIGHT? 
Oregon Agricultural Experiment Station, Corvallis, Oregon 


(Received for publication January 22, 1940) 


Recent investigations have served to emphasize the impor- 
tance of sulfur-containing amino acids in the processes of 
growth and lactation. Notable among these is a group (Jackson 
and Block, ’32; Rose, ’37 and ’38; White and Beach, ’37; 
Womack et al., ’37) of studies which has established the indis- 
pensability of methionine for growth. These studies are now 
most commonly taken to mean (Rose, ’37) that ‘‘cystine stimu- 
lates growth only when methionine is supplied in sub-optimal 
quantities. ’’ 

Other investigations (Daggs and Lidfeldt, ’°38; Wright and 
Haag, ’39) have dealt with the influence of cystine and methio- 
nine on lactation. That cystine and methionine promote lacta- 
tion when fed with certain sulfur-deficient proteins like casein 
(Daggs and Lidfeldt, ’38) or those from alfalfa (Wright and 
Haag, ’39) appears to be well established. To what extent 
cystine and methionine serve to make these proteins biologi- 
cally adequate in the conventional sense, and to what extent 
they may serve as specific dietary lactation stimulants, has not 
been so definitely determined. 

Since the growth-promoting properties of arachin, the prin- 
cipal protein of the peanut, are enhanced by the adition of 


1 Published as technical paper no. 326 with the approval of the Direct«: of the 
Oregon Agricultural Experiment Station. Contribution of the Department of 
Agricultural Chemistry. 

? The data reported in this paper are to be presented by L. D. Wright in partial 
fulfillment of the requirement for the degree of Doctor of Philosophy, Oregon 
State College. 
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methionine but not of cystine (White and Beach, ’37; Baern- 
stein, ’38) it appeared worthwhile to investigate commercial 
peanut meal as a convenient and inexpensive source of protein 
for rations deficient in their combined contents of cystine and 
methionine but which, like arachin, respond to methionine but 
not to cystine. The investigation of such rations should yield 
significant information concerning the conditions which govern 
the utilization of cystine and methionine in lactation. 













TABLE 1 





Composition of rations 









RATION NO. 
123 






INGREDIENTS 








% % % % %o %o 


Peanut meal 20.0 20.0 20.0 36.0 36.0 36.0 




























Starch 53.0 52.8 52.8 37.0 36.8 36.8 
Hydrogenated fat 19.0 19.0 19.0 19.0 19.0 19.0 
Cod liver oil 1.0 1.0 1.0 1.0 1.0 1.0 
Yeast 3.0 3.0 3.0 3.0 3.0 3.0 
Salt mixture 4.0 4.0 4.0 4.0 4.0 4.0 
l-eystine ges 0.2 wee ie 0.2 

dl-methionine bas oes 0.2 ihe aan 0.2 

RATIONS 


The rations were compounded as indicated in table 1. Sol- 
vent extracted commercial peanut meal furnished the principal 
source of protein. The peanut meal contained 40.00% crude 
protein and 0.30% organic sulfur.* The l-cystine * was pre- 
pared from hair. The dl-methionine was a synthetic prepara- 
tion. The apparent digestibility of the dry matter in ration 121 
was 92% ; that of the crude protein, 81%. 


***Organic’’ sulfur is obtained by difference between total and ‘‘inorganic’’ 
sulfur. ‘‘Inorganic’’ sulfur is determined as follows: A 3 gm. sample is treated 
with 150 ce. of hot 2% trichloracetic acid, kept on a steam bath with occasional 
stirring for several hours, allowed to set overnight, filtered and washed. The 
‘*inorganic’’ sulfur is precipitated by treating the filtrate with an excess of BaCl,. 


* Furnished through the courtesy of Dr. C. 8S. Pease, Department of Chemistry. 
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PROCEDURE 


The rations described in table 1 were fed to weaned young 
growing rats to determine growth-promoting properties. The 
members of any one pair or triplet were litter mates of the 
same sex. 

Similar rations were fed to lactating females. The growth 
of litters of six nursing young was taken as an approximate 
measure of the lactation-promoting properties of the rations. 
An attempt was made to equalize food intakes within pairs or 
triplets. Numerous difficulties were encountered in food equal- 
ization because the size of our stock colony was not such as 
always to permit starting females within a pair or triplet on 
the same day. 


RESULTS AND DISCUSSION 


The results obtained by feeding the various rations to young 
growing rats are summarized in table 2. The addition of 
cystine, in harmony with other (Smuts and Marais, ’38) recent 
work, did not improve the growth-promoting properties of the 
peanut meal proteins when fed at levels of 8 or 15%. The 
addition of methionine, however, caused a growth response in 
each of the six pairs or triplets in which it was fed. It there- 
fore appears that, for the growth of rats, the mixed proteins 
of the peanut, like arachin (White and Beach, ’37; Baernstein, 
38) are improved by the addition of methionine but not of 
cystine. 

Experiments in which lactating females were fed identical 
rations are summarized in table 3. There is a definite indica- 
tion of a slight, though not necessarily significant, lactation 
response to cystine. This is in sharp contrast with similar 
experiments (Wright and Haag, ’39) in which cystine strik- 
ingly improved the lactation promoting properties of alfalfa 
proteins. There appears to be a definitely significant lactation 
response to the addition of methionine, although here again 
this response is not as striking as that obtained when similar 
amounts of cystine were added to rations containing alfalfa 
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proteins.» At any rate, the magnitudes of the lactation re- 
sponses obtained in these experiments are not such as to sug- 
gest that cystine and methionine play unique roles as lactation 
stimulants apart from making proteins biologically adequate 
in the conventional sense. 


TABLE 2 
Growth and food intake of weaned rats 


PAIR TION DURATION N ‘ TOTAL GAIN PER 
—- * nan “aT wer F 
weeks gm. "oes gm. . gm. Pris 9 ears gm. at 
1 121 6 43 63 20 229 3.09 
122 44 63 19 231 1.03 
2 121 6 46 65 19 242 0.98 
22 a4 60 16 243 0.82 
3 121 6 37 51 14 172 1.02 
122 38 50 12 175 0.86 
4 121 6 41 65 24 213 1.41 
123 41 72 31 217 1.79 
5 121 6 45 58 13 193 0.84 
123 41 71 30 218 1.72 
6 121 6 43 58 15 208 0.90 
123 37 69 32 229 1.75 
7 124 40 96 56 291 1.28 
125 4 51 100 49 254 1.29 
126 45 126 81 292 1.85 
8 124 38 95 57 265 1.43 
125 4 39 91 52 231 1.50 
126 39 110 71 246 1.92 
9 124 43 83 40 207 1.29 
125 4 43 81 38 220 1.15 
126 48 109 61 222 1.83 


We are keenly aware that the interpretation of our results 
in terms of lactation-promoting properties is complicated by 
the large losses in body weight of the lactating females as well 
as by the indirect method of measuring lactation. It seems, 
however, that for the present, the most plausible implication 
of our results is that the conditions which govern the utiliza- 


* Unpublished data. 











RAT 
No. 


2322 
2324 
2318 
2319 
2320 
2323 
2339 
2390 
2425 
2333 
2323 
2421 
2334 
2300 
2303 
2309 
2060 
2305 
2369 
2368 
2317 
2315 
2070 
2310 
2316 
2308 
2313 
2391 
2426 
2397 
2314 
2399 
2388 
2417 
2389 


2400 
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TABLE 3 


Data on lactating females and nursing young 


WEIGHT OF SIX YOUNG 
RATION 





NO. Days 

0 3 17 21 

gm, gm. gm. gm. 
121 37 50 99 125 
122 39 55 107 125 
123 32 47 110 137 
121 38 53 109 132 
122 35 45 103 132 
123 38 50 114 144 
121 39 52 111 142 
122 37 56 112 134 
123 40 49 114 135 
121 37 48 107 140 
122 36 45 115 147 
123 41 54 120 160 
124 37 55 143 185 
125 37 48 145 185 
126 31 43 143 191 
124 42 63 165 221 
125 39 62 146 183 
126 39 60 185 239 
124 35 49 136 168 
125 35 45 139 165 
126 37 58 165 202 
124 34 41 124 145 
125 39 58 131 160 
126 33 47 129 160 
124 39 47 133 170 
125 36 59 150 176 
126 36 52 154 189 
124 40 54 132 165 
125 37 46 125 148 
126 38 52 142 183 
124 36 57 141 184 
125 34 47 119 153 
126 44 63 170 215 
124 35 50 130 170 
125 42 58 129 166 


126 


0 


gm. 


253 
272 
265 


WEIGHT OF FEMALES 


21 


gm. 


175 
202 
194 
204 
188 
181 
207 
200 
170 
224 
246 
165 
220 
286 
271 
240 
255 
290 
227 
238 
214 
240 
243 
228 
236 
280 
257 
222 
203 
224 
251 
239 
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21-Day 
FEED 
INTAKE 





gm. 
373 
365 
370 


380 
333 
331 
347 
347 
309 
332 
249 
305 


405 
431 
373 
411 
418 
418 
418 
432 
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tion of cystine and methionine are essentially similar for 
growth and for lactation. 


SUMMARY AND CONCLUSIONS 


1. Cystine did not significantly improve the growth-promot- 
ing properties of peanut meal protein but appears to have 
caused a slight improvement in lactation-promoting properties. 

2. Methionine improved both growth- and lactation-promot- 
ing properties. 

3. Our results indicate that cystine and methionine serve 
primarily to make sulfur deficient proteins nutritionally ade- 
quate rather than as unique lactation stimulants. 
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(Received for publication January 23, 1940) 


The results of balance studies (Schlutz et al., ’°33; Oldham 
et al., ’°37) have indicated that a smaller amount of iron was 
retained when the vitamin B, intake was increased. An 
attempt was made recently (Schlutz et al., ’38) to determine 
whether or not the lowered retention of iron was due to a 
specific effect of the vitamin by studying the retention of 
iron of an infant on a normal diet both with and without 
supplements of crystalline vitamin B, While the average 
retentions of iron in that study were also lower during the 
periods of high vitamin B, intake than during control periods, 
the differences were small and became less as the study 
progressed. 

The aim of the present investigation was to determine 
whether or not the level of vitamin B, intake had any effect 
on the retention of iron in young rats. Animals, rather than 
infants were used to permit more crucial and better controlled 
experimental conditions. In general, the plan was to select 
groups of animals each containing three litter mates. One of 
each group served as a control and was analyzed for iron 
at the beginning of the experiment. The two remaining 
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received the same basa! diet but varying amounts of crystalline 
vitamin B,. At the end of the experiment their bodies were 
analyzed for iron and the retenticns of ths element deter- 
mined by comparison with the iron content of the control. 

Karly in the study, it was noticed that the animals which 
received the higher vitamin B, intake were heavier than their 
litter mates on the lower vitamin intake. In order to determine 
the composition of this additional gain in weight, the bodies 
of the animals used in the second half of the study were 
analyzed for fat. 

- METHODS 

Young rats, 21 to 22 days old, weaned from mstievs fed the 
regular stock diet, were matched in groups of three with 
respect to litter, sex and weight. One of each group was 
sacrificed at the beginning of the experiment and analyzed. 
The others were placed in separate glass cages which were 
constructed similar to those described by Lang and Calvery 
(’37). The cages were kept under a wooden hood to prevent 
contamination. One side of the hood consisted of a large 
glass door with hinges to permit access to the cages. Ventila- 
tion was furnished by a number of holes in the hood which 
were covered with a double layer of cheese cloth. 

Six series of experiments were carried out, six pairs of 
animals and six controls being used in each. Each series con- 
sisted of two experiments on three pairs of animals, carried out 
at different times but under the same conditions. 

In series A the experimental period was 21 days; in series 
B, 14 days; in series C, 9 days and in series D, E and F, 7 days. 

Two basal diets were used which for convenience, will be 
referred to as diet I and diet II. The composition of both 
is shown in table 1. In series A, B and C, diet I was given 
ad libitum and records were kept of the amount consumed. 
Half of the animals received a daily supplement of 3 meg. 
of vitamin B,,' while their litter mates received 14 meg. 


* Crystalline thiamin hydrochloride was furnished by Merck & Co. The crystals 
were dissolved in 20% ethyl aleohol. One millimeter was equivalent to 40 meg. 
of vitamin B,. 
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daily. These supplements were given separately and were 
entirely consumed. 

The daily iron intake in series A was augmented by the 
addition of 0.5 mg. of iron as ferric chloride, which made 
the total daily intake approximately 1.6 mg. In series B and 
C no additional iron was given and the daily iron intake was 
approximately 1 mg. 

In series D, E and F, 5 gm. of diet II were given daily to 
all animals. This amount was completely consumed and was 
sufficient to give a gain in weight of slightly more than 2 gm. 


TABLE 1 
Composition of basal diets 


DIET I | DIET 11? 


Percent | Per cent 
Purified vitamin free casein 20 Powdered whole milk * 45 
Hydrogenated vegetable oil 17 Sucrose 42 
Sucrose 57.5 Hydrogenated vegetable oil 10 
Cod liver oil 8.0 | Cod liver oil 3 
Salt mixture * 2.5 | 0.04 mg. Mn and 0.10 mg. Cu 
2.0 ce. autoclaved rice polishings | as daily supplements 


and 0.2 ee. lactoflavin <> 20 y | 
in solution as daily supplements 


* Hubbell, Mendel and Wakeman salt mixture no. 351 was used. 

?Diet II contained approximately the same amounts of protein, fat, carbo- 
hydrate, manganese and copper as diet I. 

* Powdered milk in the form of Dryco was furnished by the Borden Company. 


per day. Half of the animals in these series received no addi- 
tional supplement of vitamin B, since the daily ration con- 
tained 9 meg. of the vitamin.? Their litter mates received 
a daily supplement of 30 meg. which made their daily intake 
39 meg. 

The daily intakes of iron in series D, E and F were approxi- 
mately 0.02 mg., 0.1 mg. and 0.3 mg., respectively. The ad- 
ditional iron in series E and F was again given as ferric 
chloride. It was mixed with a small amount of the daily ration 
and was readily consumed. 


?The amount of vitamin B, in the daily ration was assayed by Dr. Elizabeth 
Knott, using rat growth technic. 
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The iron content of the basal diets and the supplements 
as well as that of both control and experimenta! animals was 
determined by analysis, using the thiocyanate method which 
has been described elsewhere (Schlutz et al., ’33). The usual 
precautions were observed to prevent contamination. In all 
eases except those in which the fat content of the animal 
was also determined, the whole body less the gastrointestinal 
tract was ashed and an aliquot was analyzed. When fat was 
determined, the bodies were dried and ground and duplicate 
ashes were made of portions of the ground material. 

Fat determinations were made according to the method of 
Holt, Courtney and Fales (19). 


DISCUSSION OF RESULTS 


The effect of vitamin B, on iron retention 


The average daily iron intakes, the average iron content of 
the controls and of the experimental animals, and the average 
daily retentions of iron are shown in table 2. Data for indi- 
vidual animals are included for series E only. The daily 
retentions of individual animals, and average retentions for 
the animals on the different levels of iron intake are shown 
in figure 1. Although the individual retentions vary, the aver- 
ages consistently show that the different levels of vitamin B, 
intake had no appreciable effect upon the retention of iron. 
When average retentions for each series are considered, those 
of the animals on the higher vitamin B, intake agree very 
closely with those of the animals on the lower intake. The 
small differences which do occur are in favor of the higher 
vitamin intake in three of the six series. Therefore, it seems 
fairly certain that the amount of vitamin B, in the diet has 
no effect on the retention of iron in the rat under these 
conditions. This would suggest either that the lowered re- 
tention found in children was due to chance or that the infant 
is more sensitive than the rat to increased intakes of the 
vitamin. That the former is true seems improbable because 
of the number of times that a lowered iron retention was 
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found in different infants when the vitamin B, intake was 
increased. 


The iron intake necessary for optimal retention 
in the young rat 
Little has been published concerning the optimum iron 
intake of the normal young rat. In order to obtain a true 
optimum intake for normal animals it is essential that the 
stores of iron be normal at the beginning of the experiment. 
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Fig.1 Iron retentions in individual rats. The horizontal lines represent the 
average retentions of the groups. 


This has not been the case in anemic animals which have 
invariably been used in studies of iron retention. In this 
study, the iron retentions of young rats with normal iron 
stores increased as the daily iron intake was increased from 
0.02 mg., to 0.32 mg. (series D, E and F). When the daily 
intake was above 0.32 mg. (series A, B and C) no further in- 
crease was shown in the retentions. The average iron content 
of the different groups of animals showed the same trend 
as the average retentions. On daily intakes of 0.02 mg., 
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0.12 mg. and 0.32 mg. the average iron contents of the animals 
were 0.028, 0.044 and 0.050 mg. per gram respectively. The 
average of all animals on higher intakes (1.0 to 1.6 mg.) was 
0.049 mg. per gram. From these data it would seem that the 
optimal daily iron intake for the normal young rat is not more 
than 0.30 mg. 

Both average daily retentions of iron and the average iron 
content of the bodies showed no significant variation in all 
series in which the daily intake was 0.32 mg. or more, regard- 
less of whether the experimental period was 7, 14 or 21 days. 
This suggests that the rat stores iron at a fairly constant rate 
and that a 7-day experimental period is of sufficient length 
when the retention of iron is under consideration. 


TABLE 3 


Iron content of youn? rats 





NUMBER OF 


STUDY — AGE WEIGHT a po... 

days gm. mg. mg./gm. 
Smythe and Miller (’29) 6 20 32.3 0.806 0.025 
Present 36 21-22 44.4 1.678 0.038 
Smythe and Miller (’29) 9 40 47.6 2.221 0.047 
Present 12 42 92.1 4.678 0.053 





It is interesting to compare the iron content of the animals 
in this study with the results obtained by Smythe and Miller 
(’29). The average weight and the average iron content of 
the rats used in both studies are shown in table 3. Although 
the animals used in this study were heavier and contained a 
larger amount of total iron than those of Smythe and Miller, 
the iron contents of the two groups of animals are quite com- 
parable when calculated on a milligram per gram basis. 
This is especially true in the case of animals analyzed at 
approximately 40 days of age. 


The influence of vitamin B, on the rate and composition 
of growth 
It was noticed that the animals which received the higher 
vitamin B, intake (39 meg.) in the first half of series D, E and 
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F were consistently heavier than their litter mates which 
received the lower vitamin intake (9 meg.). The diets of the 
two groups of animals furnished the same number of calories 
and were identical in all respects other than the amount of 
crystalline vitamin B, given as a daily supplement. Fat 
determinations were made on the animals used in the second 
half of series D, E and F. The average fat content and that of 
individual animals are shown in table 4. 


TABLE 4 
Weight gain and fat content of paired animals on isocaloric intakes 


ANIMALS RECEIVING 9 MCG. VITAMIN B; DAILY ANIMALS RECEIVING 39 MCG. VITAMIN B,; DAILY 
Initial Final Gain in Dry Total fat Initial Final Gainin Dry Total fat 
weight weight weight weight content weight weight weight weight content 








gm. gm. gm. gm. gm. gm. gm. gm. gm. gm. 
48.0 66.70 18.70 /49.0 69.40 20.40 
45.0 65.15 20.15 44.0 66.03 22.03 
47.0 65.38 18.38 47.0 66.35 19.35 


49.0 6642 17.42 16.75 4649/1490 68.13 19.13 17.29 4.965 
53.0 69.95 16.95 19.14 6.320 52.0 70.15 18.15 19.62 7.060 
48.0 65.78 17.78 17.48 5.170) 48.5 68.00 19.50 16.96 4.590 


53.0 67.77 14.77 53.0 69.66 16.66 
48.5 65.00 16.50 /49.0 65.82 16.82 
51.0 65.23 14.23 148.0 65.74 17.74 


53.0 67.56 14.56 18.46 5.604/52.0 6635 1435 18.53 5.920 
50.0 66.25 16.25 18.13 5.635 50,0 63.80 13.80 18.80 6.603 
54.0 69.89 15.89 1946 6.059 56.5 71.03 14.53 21.83 8.280 
50.0 64.75 14.75 (50.0 64.98 14.98 
50.0 64.82 14.82 50.0 67.07 17.07 
46.0 60.97 14.97 17.15 5.956/46.0 63.18 17.18 18.59 7.165 
45.5 58.52 13.02 16.38 5.013 |45.0 61.82 16.82 17.38 5.690 
47.0 61.86 14.86 17.18 5.542/47.0 62.17 15.17 16.85 4.850 
46.0 62.47 1647 17.14 5.180 /46.0 63.27 17.27 17.86 5.741 

Av.49.1 65.25 16.14 17.73 5.518/49.0 66.28 17.28 18.37 6.086 





During the experimental period of 7 days the animals 
receiving the higher vitamin B, intake gained an average of 
1.1 gm. more than those on the lower intake. Statistical 
analysis * (Fisher, ’36) indicated less than one chance in a 
hundred that such results could be due to pure chance. 


* Statistical significance was determined by pairing the data and calculating t. 
Reference was then made to Fisher’s table of t. 
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The average fat content of eighteen animals receiving 39 
meg. of vitamin B, daily was 0.56 gm. more than that of their 
litter mates receiving 9 meg. Statistical analysis gave a proba- 
bility of 0.08 and indicated that this difference might be due 
to chance. It is quite possible, however, that if fat determina- 
tions could have been made on all of the animals of these 
series, the difference in fat content in the two groups of ani- 
mals would also have been statistically significant. 

When consideration was given only to those animals of 
which the fat content was determined, those on the higher vita- 
min intake were found to have gained an average of 0.82 gm. 
more than their litter mates on lower intake. Fat (0.57 gm.) 
and water (0.18 gm.) accounted for 93% of the increase in gain. 

There are many reports in the literature of superior growth 
on high levels of vitamin B, supply. In most cases the ex- 
perimental animals have been compared with vitamin B, 
deficient animals and isocalorie diets have been used in very 
few of the studies. Whipple and Church (’36) found that in 
paired feeding experiments animals receiving vitamin B, 
were able to gain more weight than their litter mates on the 
same diet without the vitamin. Fat and water accounted 
for 94% of the increased gain. They (’37) also found that the 
respiratory quotient of B, deficient animals was low and 
could not be appreciably raised by the subcutaneous injection 
of glucose. Since the respiratory quotient of the isocaloric 
controls which had received the vitamin was higher and rose 
above unity under similar treatment, these investigators 
have suggested that vitamin B, is an essential metabolic con- 
stituent for the synthesis of fat in the animal body. They 
were comparing the weight and fat content of B, deficient 
animals with that of animals receiving the vitamin and con- 
sequently observed greater differences than were found in 
our animals, none of which received deficient diets. 

It seems then, that the accelerating effect of vitamin B, 
on fat synthesis continues, although to a lesser extent, as 
amounts of the vitamin are ingested which greatly exceed 
those generally considered as adequate. . 
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SUMMARY 

Litter mate rats were given the same diets but varying 
amounts of iron and vitamin B, as thiamin hydrochloride. 
The iron contents of thirty-six groups of three litter mates 
each were determined and retentions were calculatea using 
as a control the litter mate which had been sacrificed and 
analyzed for iron at the beginning of the experiment. 

The leve: of vitamin B, intake did not influence the retention 
of iron at the levels studied. 

The optimum daily iron intake for rats of this age as judged 
by the retention of iron and by the iron content of the bodies 
is not more than 0.30 mg. Intakes above this level failed to 
give an increase in storage. 

An experimental period of 7 days was found to be of suffi- 
cient length to judge retention of iron. 

When isocaloric intakes were given, animals receiving 39 
meg. of vitamin B, daily gained on an average 1.1 gm. per 
week more than their litter mates who were receiving 9 meg. 
of the vitamin. This difference was found to be significant. 
Of the increased gain, 93% was found to be accounted for by 
increases in the fat and water content of the bodies. 
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A SPECTROCHEMICAL STUDY OF THE NORMAL 
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ONE FIGURE 


(Received for publication November 3, 1939) 


It has come to be recognized that certain metals, once be- 
lieved to be foreign and dangerous to living material, or to be 
accidental, at most, in their occurrence therein, are regular 
and normal constituents of the tissues and excretions of ani- 
mals and men. Conclusions as to the effects of these metals on 
health and disease must be based, therefore, on quantitative 
information as to the limits of their normal concentration in 
biological materials, as well as to the ranges of concentration 
which may give rise to signs of deficiency on the one hand or 
of excess on the other. In the pursuit of such information 
considerations of convenience, specificity, and accuracy have 
led us to use quantitative spectrochemical methods for the 
estimation of a series of trace metals in various biological 
materials under a variety of conditions. Our methods for the 
determination of lead (Cholak, 35a, ’35b), and bismuth 
(Cholak, ’37), were recently improved and were extended so as 
to make possible the simultaneous determination of a number 
of metals in a single small sample (Cholak and Story, ’38). 

The data presented herein are concerned largely with the 
concentrations of manganese, lead, tin, aluminum, copper, and 


1 Presented before the Section of Biological Chemistry at the Ninety-eighth 
Meeting of the American Chemical Society at Boston, Mass., September 11-15, 1939. 
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silver which occurred in duplicates of the composite 24-hour 
food samples, in the excreta of apparently normal healthy 
human adults, and in the tissues of selected persons whose 
activities had given them no unusual or occupational exposure 
to these metals. A considerable volume of information on the 
lead content of individual food items, natural waters, and 
samples of soil from various portions of the earth’s surface 
has accumulated since we recorded our earlier results and 
reviewed the work of other investigators (Kehoe et al., ’33) ; 
this is presented herein. Reference to the numerous articles 
concerning the trace metals from other laboratories has oi 
necessity been reserved for a separate review. 


ANALYTICAL TECHNIQUE 


Samples were prepared for analysis by procedures outlined 
previously (Cholak, ’35 a, ’35 b, ’37; Cholak and Story, ’38). 
Suitable quantities of solutions of the ashed materials, the 
inorganic salt compositions of which were made to conform 
to the standards by the method of excess (Cholak, ’35 b, ’37; 
Cholak and Story, ’38), were placed in craters of purified 
graphite electrodes and their are spectra were photographed 
while a five-step logarithmic sector was being rotated before 
the slit of the spectrograph (Cholak and Story, ’38). The 
method of evaluating the spectral lines was similar to that of 
Strock (’36) except that opacities were substituted for densi- 
ties in evaluating very weak lines (Cholak and Story, ’38). The 
spectral region between 2600 A and 3500 A, in which the most 
persistent lines of a large number of the metals occur, was 
photographed. Although limited in application thus far to 
six metals, the method as applied to this region can be extended 
to inelude others, especially iron, thallium, cadmium and 
nickel. Zine, on the other hand, cannot satisfactorily be dealt 
with simultaneously, since its most persistent lines at 3302 A 
and 3345 A lack sufficient sensitivity for the detection of the 
small amounts of zinc normally present and are also masked 
by the sodium line at 3302 A and the calcium line at 3345.5 A. 
The detection and determination of this metal are dependent, 
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therefore, on spectrograms made by a special technique in the 
extreme ultraviolet region (Zn line at 2138.5 A), which lacks 
suitably persistent lines of other metals and for which spe- 
cially sensitized plates must be used. In the case of manganese, 
included since our latest publication (Cholak and Story, ’38), 
the line at 2801 A was employed in conjunction with the chro- 
mium line at 2835 A as internal standard. The latter metal 
was added to the mixed internal standard, which then con- 
sisted of 5 mg. of bismuth, 100 mg. of cobalt and 10 mg. of 
chromium per 100 ml. of solution (Cholak and Story, ’38). 

The quantitative sensitivity of the technique used in these 
analyses was further increased by concentrating the solutions 
of the ashed materials to a point beyond that of previous 
practice (Cholak and Story, ’38). Ti:° volumes of the final 
solutions of tissues and whole blood were adjusted so that 
each cubic centimeter was equivalent to 2 gm. of the original 
material, while in the case of blood plasma each cubic centi- 
meter was equivalent to 3 ml. of original plasma. Such pro- 
cedures permitted the detection of 0.005 mg. of metai per 100 
gm. of fresh tissue or blood, and 0.003 mg. of metal per 100 ml. 
of plasma. 


RESULTS 


The results obtained on normal human tissues are recorded 
in table 1. With the exception of the tissues of one male whose 
occupational history was carefully checked, those examined 
were from females who had never been employed in industry. 
This choice of material has limited the number of available 
samples and has prevented the establishment of statistically 
stable mean values for the concentration of metals in the vari- 
ous tissues, but the arithmetical means are expected to fall 
near the eventual stabile values. 

Table 2 gives the data on the concentrations of the metals 
in the urine of several widely scattered groups of normal men, 
including thirty-four Frenchmen, thirty Mexican Indians and 
thirty Americans. The results with respect to lead on a group 
of thirteen Germans are also shown. The urine (24-hour speci- 
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TABLE 1 


(arithmetical mean values) 







The concentration levels of trace metals in normal human tissues (Americans) 


MILLIGRAMS OF METAL PER 100 GM. OF WET TISSUE 


TISSUE Mn Pb Sn Ai Cu Ag 
Kidney 0.060 0.027 0.020 0.042 0.166 0.00 
Heart 0.032 0.038 0.022 0.056 0.190 0.00 
Brain 0.030 0.013 0.00 0.004 0.400 0.003 
Liver 0.205 0.130 9.060 0.160 0.710 0.005 
Spleen 0.022 0.030 0.022 0.130 0.085 0.00 
Lung 0.022 0.028 0.045 5.94 0.110 0.004 
Muscle 0.050 * 0.010 0.011 0.015 0.125 0.00 
Long bone 0.300 * 1.88 0.080 0.500 1.190 0.00 
Rib bone 0.170* 0.470 0.050 0.240 0.410 0.01 
Stomach 0.030 * 0.022 0.050 0.073 0.107 0.00 
Intestines 0.035 0.023 0.016 0.087 0.110 0.002 
* Results of single analyses. 
TABLE 2 
The concentrations of trace metals in normal urine expressed as the means, 
their probable errors, and their standard deviations 
=i MILLIGRAMS OF METAL PER LITER OF URINE S ee. 
METAL Frenchmen Mexicans Americans Germans All groups 
Mn 0.012+0.001 0.010+0. ? 0.01+ ? 
+0.001 +0. ? 
Pb 0.020+0.02 0.022+0.002 0.029%0.002 0.027+0.002 0.027+0.001 
0.014 +0.017 +0.016 +0.012 +0.014 
Sn 0.00+0.00 0.009+0.001 0.018+0.002 0.011+0.001 
+0.00 +0.007 +0.013 +0.010 
Al 0.114+0.006 0.054+0.004 0.052+0.003 0.078+0.002 
+0.048 +0.031 +0.022 +0.032 
Cu 0.036+0.003 0.039%0.003 0.028+0.002 0.034+0.002 
+0.026 +0.024 +0.019 +0.024 
Ag 0.00 0.00 0.00 0.00 
No. of 
samples 34 30 30 13 947 








? Total in case of lead 107, in case of manganese 60. 
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mens) of a healthy experimental subject was examined for 
28 consecutive days and the results, expressed in milligrams 
of metal per liter of urine, are grouped in accordance with 
their frequencies of occurrence, in table 3, together with the 
calculated means, the probable errors of the means, and the 
standard deviations from the means. 

Blood samples from thirty normal Americans and thirty 
normal Mexican Indians provided the results in table 4, in 


TABLE 3 


The concentrations of trace metals in successive daily urine samples of a normal 
adult American 





| FREQUENCIES OF OCCURRENCE OF THE QUANTITIES INDICATED 
MILLIGRAMS — See oem eantane aie 








PER LITER Mn | Pb | Sn | Al Cu | ag 
0.00 —0.009 28 Ci aes 1 2 | 38 
0.010-0.019 Vee a 5 
0.020-0.029 eS RB eee . 7 
0.020-0.039 | 14 pe ae 3 | 
0.040-0.049 | 4 4 5 | 
0.050-0.059 | 1 =. es 
0.060-0.069 po 2 | 
0.070-0.079 | | -_ cia 
0.080-0.089 | 1 
0.090-0.099 tose 
0.100-0.109 | 
0.110-0.119 . a 1 | 
Number of samples | 28 28 Ss. 4 28 28 
Mean | 0.01 0.034 | 0.014 | 0.052 | 0.037 | 
Probable error | + % | +0.001 | +0.001 | +0.003 | +0.002 | 
Standard deviation | +? | +0.008  +0.007 | +0.025 | +0.014 | 


which the mean concentrations of the metals in whole blood 
are shown. More detailed data obtained on twelve consecutive 
weekly samples of the blood of a normal subject appear in 
table 5. Blood samples of the American group were obtained 
in duplicate by dividing a 30 ml. sample of blood at the time 
of its withdrawal. One portion was used to determine the 
concentrations of the metals in the whole blood (table 4), 
while the other, after treatment with an anticoagulant (puri- 
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fied sodium citrate),? was centrifuged at once and the sepa- 
rated plasma was analyzed. The quantities of metals in the 
plasma of 100 gm. of whole blood were calculated in each case, 
and those in the formed elements were taken as the difference 


TABLE 4 
The concentrations of trace metals in normal blood 





WHOLE BLOOD, 


MG. PER 100 GM. Mn Pb Sn Al Cu Ag 
Mexicans: 

Mean 0.018 0.023 0.010 0.012 0.126 Trace 

Probable error +0.001 +0.0005 +0.0015 +0.001 =+0.002 

Standard deviation +0.010 +0.004 +0.012 +0.010 +0.018 
Americans: 

Mean 0.012 0.027 0.014 0.014 0.103 Trace 

Probable error +0.001 +0.0006 +0.0015 +0.002 +0.002 


Standard deviation +0.006 +0.005 2+0.012 +0.012 +0.013 

Whole group: 
Mean 0.015 0.025 0.012 0.013 0.114 Trace 
Probable error +0.001 +0.0004 +0.0009 +0.001 +0.002 
Standard deviation +0.009 +0.005 +0.010 +0.011 +0.020 


DISTRIBUTION IN BLOOD 


(AMERICANS)? 
Whole blood: 
Mean 0.012 0.027 0.014 0.014 0.103 Trace 
Probable error +0.001 +0.0006 +0.0015 +0.002 +0.002 
Standard deviation +0.006 +0.005 2+0.012 +0.012 +0.013 
Plasma: 
Mean 0.004 0.0015 0.002 0.024 0.043 
Probable error +0.0005 +0.0002 +0.0002 +0.002 +0.0015 
Standard deviation +0.003 +0.0013 +0.0014 +0012 +0.012 
Cells: 
Mean 0.008 0.024 0.011 0.003 0.059 
Probable error +0.001 +0.0006 +0.001 +0.0003 +0.002 


Standard deviation +0.006 +0.006 +0.008 +0.002 +0.016 





1 Results based on 100 gm. of whole blood. 


between plasma and whole blood. The calculated mean values 
for the whole blood, cells, and plasma of the group are listed 
in table 4. The histogram in figure 1 details the spread in the 
results obtained for the copper and lead content of the plasma. 

*In order to check the possible precipitating effect of sodium citrate on the 
distribution of lead in the blood, a highly potent heparin preparation was used as 


the anticoagulant in a number of blood samples, with results similar to those in 
samples treated with sodium citrate. 
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TABLE 5 


The concentration of trace metals in successive weekly blood samples of a normal 


adult American 


" FREQU ENCIES OF OCCURRENCE OF THE QUAN TEFIEG TRBSOATED 














MILLIGRAMS ert Ser GiuG-2 ENGL GE 

PER100GM. | fy Pb sn | al | ag | Ee | Cu 
0.000-0.0049 9 4 | 18 0070-0079, 2 
0.005-0.0099 | 5 3 es | 0.080-0.089 
0.010-0.0149 4 4 3 | 0.090-0.099 | 4 
0.015-0.0199 | 4 1 BD -#4 0.100-0.109 | 4 
0.020-0.0249 | 4 1 1 1 | 0.110-0.119 | 2 
0.025-0.0299 | 6 bead 0.120-0.129 | 4 
0.030-0.0349 1 ee 0.130-0.139 | 2 
0.035-0.0399 1 3 Bye | 
0.040-0.0449 Pog J 
Number of | 

samples | 18 11 18 “Bi @ | 18 
Mean | 0.016 0.030 0.008, 0.015| 0.004 0.108 
Probable error } 

of mean | +0.001 +0.001 +0.001 | +0.002 ? | 0.003 
Standard } 

deviation | +0.008 +0.005 +0.006/+0.012) ? | |+0.018 





FREQUENCIES 
o 
1 


4A Hdl 























of lead and copper. 
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Fig.1 Histogram showing the variation in the relationship between the plasma 
and the whole blood of normal human adults, with respect to their concentrations 
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While the consecutive urine samples referred to in table 3 
were being obtained, the corresponding feces and duplicate 
samples of the food and beverages taken by the subject were 
collected for analysis in 24-hour samples. The results are ex- 
pressed in table 6 as mean daily intake and output. 

Additional data concerning lead are given in tables 7 to 10. 


TABLE 6 


Comparison of the mean daily quantities of trace metals in successive samples 
of the feces and food of a normal adult American 


MILLIGRAMS PER 24-HOUR SAMPLE 


Mn Pb Sn Al Cu Ag 

Food 
Mean 4.28 0.290 17.14 36.43 2.32 0.088 
Probable error +0.43 +0.027 + 1.30 + 7.90 +0.28 +0.010 
Standard deviation +3.38 +0.213 +10.17 +61.97 +2.21 +0.077 

Feces 
Mean 3.69 0.320 22.88 41.92 1.96 0.058 
Probable error +0.30 +0.019 + 1.36 + 6.19 +0.18 +0.005 


Standard deviation +2.30 +0.141 +10.28 +46.80 +1.33 +0.035 








DISCUSSION 


The concentrations of these metals in normal tissues, blood 
and urine are seen to be low, and, excluding copper and silver, 
are of the same order of magnitude. The concentration of 
copper is seen to be severalfold that of the other metals in 
practically all tissues, while in the case of silver, which is 
irregular in occurrence, only minute amounts are encountered. 
The pattern of the distribution of these metals in the human 
organism is roughly similar in that their highest concentra- 
tions generally occur, in decreasing order of magnitude, in 
bones, liver, kidney and spleen. The most striking exceptions 
are the concentration of copper in the brain, which ranks next 
to that in the liver, and the concentration of aluminum in the 
lung, which is higher than that in any other tissue, largely, 
no doubt, because of the inhalation of dust. Since aluminum 
is the most widely distributed metal on the earth’s surface, 
inhaled dusts, especially from streets, may be expected to be 
rich in aluminum. This omnipresence of aluminum may exert 
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a serious influence upon the accuracy of determinations of this 
metal, since dust may be carried on the shoes and clothing of 
workers into the most ideal laboratory, the air of which is 
filtered. Our consistently low and substantially uniform re- 
sults indicate that such contamination was kept at a minimum. 
In this connection it is to be remembered that the samples of 
blood plasma were concentrated one-third more highly than 
were the whole blood samples, and thus they gave somewhat 
higher results than the latter, on account of the increased 
analytical accuracy obtained thereby and not because of con- 
tamination. 

Manganese, lead, aluminum and copper were regularly pres- 
ent in all samples of human tissue and urine, while tin was 
found in about 80% and silver in only 10% of the samples. 
Although all metals but silver were frequently present in 
blood, there were decided differences in the distributions of 
these metals between the cells and plasma. Thus, manganese, 
lead and tin were located principally in the cells, aluminum in 
the plasma, and copper fairly evenly divided between the 
two, the cells usually containing slightly larger quantities. 

All six metals occurred regularly in the feces and in com- 
posite food samples, and in concentrations considerably 
greater than those found in the tissues and the urine. In the 
case of each metal, the actual quantities found in the series of 
24-hour samples of feces were of the same order of magnitude 
as those in the 24-hour samples of food, a fact which, in view 
of the low concentrations in the tissues and the urine, not only 
demonstrates that each of these metals is eliminated almost 
completely by the alimentary tract, but also suggests that they 
are but scantily absorbed by the alimentary tissues. 

The detailed sources from which these metals are derived 
require further elucidation. It is well known that certain 
foods are high in manganese and copper, and that tin, alu- 
minum, and silver in the dietary are derived to a large degree 
from the use of food containers, cooking utensils, and table. 
ware, made of these metals. Only in the case of lead, however, 
are our data sufficiently numerous and varied to provide a 
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TABLE 7 


The natural lead content of soil, water, and vegetation 


MATERIAL 


Soil (dry) 

Soil (dry) 

Soil (dry) 

Soil (dry) 

Soil (dry) 

Tea leaves (dry) 

Fruit of tree (wet) 
Foliage (wet) 

Bark (dry) 

Root (dry) 

Latex (wet) 

Bark (dry) 

Latex (wet) 

Cocoa beans (dried husks) 
Cocoa beans (dried nibs) 
Peas (green) 

Peas (green pods) 
Beans (green) 

Beans (green pods) 
Cherries (green) 

Apples (green, unsprayed ) 
Pears (green, unsprayed ) 
Corn (green stalk) 

Corn (green husk) 

Corn (green on cob) 
Wheat (green) 

Radishes (green) 

Sea water 

Sea water 

Sea water 

River water 

Pond water 

Well water 

Stream water 

Well water 


SOURCE RANGE 
p.p.m, 
Northwestern U.S.A. 7.6 —15.7 
State of Mexico, Mexico 0.70 — 8.0 
Yucatan 0.80-25.0 
Sarawac 1.20 — 3.0 
River bottom in Sarawac 4.8 
Ceylon 0.02 
Yueatan 0.15 -— 0.30 
oe 0.25 — 0.60 
"7 0.04 — 0.40 
ag 0.05 
is 0.04 — 0.08 
Sarawac 0.04 — 0.25 
— 0.02 — 0.04 
Trinidad | 0.40-1.60 
¥ | 0.03 — 0.35 
State of Mexico 0.03 
>? >”? ? 0.05 
- ” 0.15 — 0.26 
’? ’? 9? 0.04 
> ’? ’? 0.05 
9? +P 9? 0.12 
4 he 0.18 
ee bis 0.05 — 0.11 
+ 9? +B 0.26 
sad ai 0.03 - 0.31 
>? > ” 0.27 
’”? 9? >? 0.28 
Caribbean Sea | less than 0.02? 
Pacific Ocean less than 0.02? 
Atlantic Ocean 0.003—0.005 
Sarawac 0.005 
sie 0.004—0.02 
Mexico 0.009 
" 0.009 
U.S.A | 0.02 -—0.03 





| NUMBER 
| OF 
| SAMPLES 


10? 
5 


38 


ae 
se ww 


oe WOH WOH eH ee 1 


w 


to 


— 


noe 





*Data of Jones and Hatch, Soil Science, vol. 44, p. 37 (1937). 


* Limit of sensitivity of analytical method then in use. 
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fairly comprehensive picture of its origin in the diet. The wide 
distribution of lead is clearly indicated in tables 7 to 10. Its 
presence in the soil and in the vegetation growing therefrom, 
is shown in table 7. In our experience, as illustrated in these 
data, the natural lead content of vegetation rarely exceeds a 
small fraction of a part per million, but there is always some 
small quantity, whether the plant grows in the surface or is 
deeply rooted in the earth. There is a considerable variation 
among plants and in different parts of the same plant, with 
respect to lead coucentration, but probably not to the extent 
indicated by the data, since certain of the samples could not 








TABLE 8 TABLE 9 
The natural lead content of coral The lead content of bone (American). 
(Florida Keys) No occupational lead exposure 
"LEAD IN PARTS FREQUENCIES OF etait ‘ane 200 ik 
PER MILLION OCCURRENCE AGE IN WET BONE 
0.00- 4.99. ERIN 5 ns Rib Femur 
5.00-- 9.99 7 6 oj 1.14 
10.00-14.99 11 20? 1.11 
15.00-19.99 4 51 0.47 
20.00-24.99 1 64 0.80 
25.00-29.99 70 0.39 3.59 
30.00 1 75 0.60 2.89 
Total 25 95 0.56 1.36 





be so handled as entirely to exclude the possibility of surface 
contamination with soil or atmospheric dust, although every 
effort was made to do so. 

The occurrence of lead in natural waters is also indicated 
in table 7. The results on sea water bear a significant relation- 
ship to those obtained on a series of coral skeletons, as shown 
in table 8. The latter samples were obtained for us by R. L. 
Cary of Princeton University (whose assistance we gratefully 
acknowledge), from the Tortugas Laboratory of the Carnegie 
Institution, with such precautions in packing as would prevent 
surface contamination. These analyses were made because of 
speculation as to the possibility of the development of sub- 
stantially lead-free soils on a coral island. Since it is apparent 














590 R. A. KEHOE, J. CHOLAK AND R. V. STORY 


that there is a selective absorption of lead by the coral skeleton, 
it is searcely to be expected that a soil founded upon such 
material would support the growth of lead-free plants and 
animals. 
TABLE 10 
The lead content of various foods and drinks 


NUMBER 


ARTICLE RANGE OF 
SAMPLES 
p.p.m. 

Wheat bread 0.02-0.16 8 
Bran flakes 0.14-0.15 2 
Crackers and pretzels 0.24-0.25 2 
Spaghetti (prepared for eating) 0.06-0.21 2 
Corn (dry) 0.24 1 
Cornstarch 0.75-1.83 4 
Corn syrup 0.21-0.49 2 
Cocoa (20 brands) 0.4-11.5 25 
Tea (dried leaves) Chinese 43.2 1 
Cabbage 0.10-0.24 4 
Fruits (raw and cooked) traces—1.00 16 
Beef liver (fresh) 0.29-0.40 2 
Meat (cooked) traces—0.63 9 
Meat (ground, cooked) 0.15-0.18 3 
Sausages (cooked) 0.16-1.60 + 
Eggs (raw and cooked) traces—0.12 6 
Coffee (prepared for use) 0.01-0.03 2 
Milk 0.02-0.04 3 
Beer 0.01-0.09 21 
Grape juice 0.04-0.40 7 
Wine (domestic and imported) 0.05-1.51 10 
Water 0.02-0.05 10 
Water 0.37-0.92 * 3 


* Obtained from building in which water was standing unused in pipes for some days. 


As shown by the standard deviation of the mean value 
(table 6) the freely chosen daily diet of a normal healthy adult 
shows considerable variation in its lead content. It is not to be 
assumed that all such lead is of natural origin, although the 
results on commonly available foods and beverages, as listed 
in table 10, show that such is the origin of a considerable pro- 
portion of it. As we have pointed out elsewhere (Kehoe et al., 
33), the increment of lead content above that which is a 
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natural constituent is due to contamination from a great 
variety of sources. 

The essential equivalence of the mean daily intake and out- 
put of lead, as previously referred to in commenting on the 
results for the entire group of six metals, is worthy of special 
note in connection with the data of table 9, which fail to reveal 
any relationship between age and lead concentration in the 
skeletal tissues. These data are obviously too few to give direct 
and definite evidence against an indefinitely progressive accu- 
mulation of lead in the body in response to the customary 
regular intake of lead over a prolonged period, but they are 
presented because of the care taken against the inclusion of 
abnormal material among the samples. 


SUMMARY 


A quantitative spectrographic method of high sensitivity 
and precision has been employed for the simultaneous deter- 
mination of lead, manganese, tin, aluminum, copper and silver 
in normal biological material. 

1. Lead, manganese, copper and aluminum were present in 
all materials examined; tin was present in about 80% and 
silver in 10 to 20% of the samples. 

2. The mean concentrations of these metals in a liter of 
normal urine has been found to be below 0.01 for manganese 
and 0.078, 0.034, 0.027, 0.011, and 0.00 mg. respectively for 
aluminum, copper, lead, tin and silver. 

3. The mean concentrations of the metals in 100 gm. of nor- 
mal whole blood are 0.114, 0.025, 0.015, 0.013, 0.012, and 0.00+ 
mg. respectively for copper, lead, manganese, aluminum, tin 
and silver. 

4. Practically all of the manganese, lead and tin is contained 
in the formed elements of the blood; aluminum is found almost 
entirely in the plasma, while copper is almost evenly divided 
between the two, the formed elements usually containing a 
slightly higher concentration. 

5. The concentrations of these metals in consecutive daily 
or weekly samples of urine and blood from the same indi- 
vidual are not constant but vary from sample to sample. 




























592 R. A. KEHOE, J. CHOLAK AND R. V. STORY 


6. The daily output of this group of metals in the feces is 
practically equivalent to their daily intake in the diet. 

7. The wide distribution of lead is indicated by data obtained 
on a large number of natural materials. 
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Convenience of diet prescription has necessitated the group- 
ing of fruits and vegetables according to their carbohydrate 
content (Joslin, ’°37; Wilder, ’37). The analytical data on 
which such classifications are based, however, are essentially 
from few sources (Atwater and Bryant, ’06; Chatfield and 
Adams, ’31; and Chatfield and McLaughlin, ’31). The data 
for the latter two government publications are taken in part 
at least from Atwater and Bryant’s tables. 

Few clinicians realize that much of this data is only ap- 
proximate or is inaccurate because it was obtained by the 
method of difference, i.e., protein, fat, moisture, ash, fiber 
were determined by direct methods; the difference between the 
sum of these per cent values and 100% was considered carbo- 
hydrate, and by inference carbohydrate available as fuel. 
Two types of investigations have demonstrated the inaccura- 
cies of this method of analysis: first, MeCance and his asso- 
ciates (’36) by direct methods investigated the English 
common foods and found the prevailing carbohydrate values 
too high, particularly for the low carbohydrate group. Results 
of direct determinations included in the government circulars 
of Chatfield and her co-workers point in the same direction. 
Our results obtained by an independent method closely agree 
with those of McCance. Second, when the problem was ap- 
proached by determining the unavailable carbohydrates 


1 Assisted by a grant from the Mead-Johnson Company, Evansville, Indiana 
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(Williams and Olmsted, ’35), we obtained results which were 
quite diiferent from the accepted fiber values. In other words, 
we have found the values for available carbohydrate too high 
and for unavailable carbohydrate too low. 

The clinical significance of this is evident when one consid- 
ers the possible dietary latitude which this may allow. If 
the carbohydrate values are low, may not many vegetables be 
prescribed as vitamin carriers or to provide necessary rough- 
age without regard to their carbohydrate content? The pur- 
pose of this communication is, (1) to present the data obtained 
from the sources indicated above and compare them with data 
secured by our own analytical methods, and, (2) to suggest 
a classification of vegetables and fruits based on, we believe, 
correct values of carbohydrate content. 


GENERAL CONSIDERATION 


Carbohydrates of vegetables and fruits may be broadly 
classified as availabie and unavailable sources of food energy. 

The available group is composed of glucose, fructose, su- 
crose and starch, the latter two being converted by hydrolysis 
into simple sugars, fructose and glucose. Analytical methods 
must consider the extreme lability of fructose to alkali and 
heat. The unavailable group is composed of hemicelluloses, 
cellulose and lignin. Hemicelluloses constitute a large group 
of such related substances as pentosans, hexosans, pectins and 
uronic acids. One common denominator exits; about 70% of 
the hemicellulose group can be converted by chemical means 
into simple, non-fermentable sugars. In contrast to the hemi- 
celluloses, celluose is a chemical entity and by hydrolysis can 
be converted quantitatively into glucose. Lignin, a material 
which gives strength to the cellulose structure of plants, is a 
hydrocarbon and is present in very minute quantities in edible 
plants. 

Analytical methods for determining the unavailable group 
must take into account the extreme lability of the hemicellu- 
lose group. Certain fractions are soluble in alcohol, others in 
water and still others resist prolonged boiling in dilute alkali 
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and acid. In fact, the accepted method for determining crude 
fiber defines fiber as that portion which resists solution in 
boiling dilute alkali and acid. Williams and Olmsted (’35) 
discussed the errors of fiber determination. The criticism of 
the official method in use since 1870 is that it neither removes 
all nor accounts for this group of carbohydrates. This is an 
important consideration if carbohydrate-by-difference methods 
are used. With these considerations in mind we extended 
our method for unavailable carbohydrate determination to 
include a complete carbohydrate analysis on a single aliquot 
of one specimen of fruit or vegetable. 


METHODS OF ANALYSIS 


Space does not permit details of analytical technique; only 
an outline will be presented. At least three 1-pound samples 
of each fruit or vegetable were obtained from chain stores 
of St. Louis, weeks or months apart. They were prepared 
as is customary in the household by discarding refuse. The 
samples were then macerated or sliced and together with the 
expressed juice dried in a hot air oven at less than 60°C. They 
were then pulverized and stored in dark bottles. This enables 
one to obtain a homogenous sample and to analyze aliquots 
repeatedly. Futhermore, the carbohydrate content is raised by 
this procedure to an easily determinable level. 

Aliquots of 4 to 2 gm. pulverized material were used for 
analysis. If a considerable portion of fat was present, e.g., 
peanuts, the fatty material was removed by ethy] ether extrac- 
tion. The soluble sugars were tuen removed by 60% ethyl 
alcohol extraction at room temperature. This soluble fraction 
includes fructose, glucose, and sucrose, the latter of which was 
inverted by dilute acid below 70°C. The sugars were estimated 
by copper-iodometric reagents of Shaffer and Somogyi (’33) 
and the availability of this fraction confirmed by the fermen- 
tation technique of Somogyi (’27). The residue consisting of 
starch and unavailable carbohydrates was then submitted to 
pancreatic digestion in buffered-bile salt solution at pH 8 as 
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described by Williams and Olmsted (’35). Pancreatic diges- 
tion has a twofold purpose: starch is converted into maltose; 
and protein and fat essentially removed, the latter two com- 
ponents no longer interfere with the unavailable carbohydrate 
dctermination. The soluble fraction, maltose from starch, is 
converted into glucose by weak acid hydrolysis, and then es- 
timated by the copper-iodometric method. Only the fraction 
fermentable by yeast was taken as representing the glucose 
from starch. The non-fermentable portion was assumed to 
represent soluble hemicellulose. The insolubk residue from 
pancreatic digestion was treated by the methods of Williams 
and Olmsted (’35). 

Two precautions in the carbohydrate estimation deserve 
emphasis: first, we have cleared all sugar solutions by the 
mercuric sulfate precipitation method of West, Scharles and 
Peterson (’29), an important detail when using modern sensi- 
tive copper-iodometric sugar reagents; second, available car- 
bohydrate is identified by biological methods, namely pan- 
creatic digestion and yeast fermentation. 

Tn order to test the reliability of our method we selected 
ten representative common foods, and analyzed them for car- 
bohydrate content by our teehnic. Moisture, ash, protein and 
fat were determined by conventional methods. Between 90 
and 100% of each air dried material was accounted for with 
the exception of spinach, of which only 85% was accounted 
for. If one remembers that leafy vegetables, such as spinach, 
contain 90 to 95% moisture, it is not surprising that large 
errors of recovery may be overlooked when the wet material is 
analyzed, i.e., a 15% failure of recovery in a dried material 
containing 90% solids becomes 1.5% if stated in terms of wet 
weight. Table 1 presents our results. These results appear to 
indicate reliability of the method. 


DISCUSSION OF RESULTS 


In table 2, we present a comparison of data obtained from 
three sources: our own, that of McCance, and that of Chatfield. 
The latter are divided into two groups; the first column pre- 
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senting the analyses Chatfield and associates obtained by 
direct chemical determination, and the second column the 
total carbohydrate as determined by difference by these 
workers. It is to be noted that in general there is much better 
agreement between the first three columns than between them 
and the determinations by difference. In general the latter 
values are considerably higher than those yielded by direct 
chemical determination. 


TABLE 1 
Composite analysis of certain vegetables‘ (air dried) 


eet of oa 
& gL % | 
FRACTION E x ES E 3 s.. ig ae - | 
| #2 | ge! #8) 32 | 88/63] 38 | #8] 23 | 8 
|} <9 eS zo Ss | Sc aS | BS &o| 90 3 
So nm = Be o | = a a } (+) a 
| %  %  % | % % |% | % |% | &  % 
Moisture (105°C.)| 12.7, 5.9) 62) 62 21.6 /12.0) 15.6) 4.7) 9.1/12.6 
Asb | 75) 23 40) 33 73) 80 86 °199| 33) 04 
Nitrogen X 6.25 | 119 48 283 73 15.2 (16.0 15.2 28.8) 162 11.3 
Ether-soluble 13| 23/115) 038) 03/ 32; 19/91; 41] 11 
Available | 
carbohydrate 47.5 | 75.0 | 33.1) 77.2 26.9 30.5 -40.9 7.9) 60.0 70.6 
Water-soluble 
hemicellulose 22 | 30/| 20 0 51/69) 12 52) 0.7) 0.0 
} Cellulose | 82) 20| 44] 17) 8 8.1) 5.5 46) 43) 2.0 
Non-water-soluble 
hemicellulose | 65 10> 7.0) 10 52/58) 45 4.7) 29) 0.0 





Total (airdried) | 97.8 96.3 96.5 97.0 90.4 90.5, 93.4 84.9| 100.6 | 98.0 


Total (wet weight), 98.9 | 98.6 | 98.9 | 100.2. 98.3 | 99.6 100.9 98.7 | 100.1 | 98.0 


* Based on three specimens. 
* Factor for conversion to wet weight. 


The data presented by Chatfield are very striking with re- 
spect to the wide variation of carbohydrate content found 
between samples. Our data are based on three samples col- 
lected at various times of the year in St. Louis. In certain 
vegetables the results were quite consistent while in others 
there was great variation. Those which appear to vary widely 
are apples, corn, spinach, brussels sprouts, and beans. Others 
show very close agreement. Certainly not all food samples 
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vary widely, and we believe that some of the variations of 
analysis can be explained on the basis of the analytical method. 

Table 3 presents data on the unavailable carbohydrates of 
twenty vegetables and fruits. For comparison, the first col- 
umn gives the data of the government bulletins expressed as 
‘*fiber.’’ It is readily seen that the sum of the hemicellulose 
plus cellulose is usually twice as great as the fiber value. We 
know of no data where these unavailable carbohydrates have 
been directly determined. 


TABLE 3 


Comparison of fiber and indigestible residue 


| | FIBER 
| 
yee HEMI- | (cCIRCU-| ~FEMI- | 


(cIROU- s CELLU- , | CELLU- 

MATERIAL | ans 50 — LOSE | MATERIAL “a0 | — | LOSE 
| % % % | % % % 

Beans, snap 1.4 2.95 0.5 Potato 04 | 03 | 04 
Beets 09 0.8 0.9 | Spinach 06 | 08 | 04 
Broceoli | 13 | 09 0.9 | Sweet potato} 11 | 14 | 06 
Brussel sprouts; 1.3 1.5 1.1 | Tomato 06 | 03 | 02 
Cabbage | 1.0 0.8 | Turnip 11 | 04 | 05 
Cauliflower | 0.9 0.6 | 0.7 | Apples 10 | 07 | 03 

Carrots | 34 1.7 1.0 | Apricots | 

| | (dried) 3.5 | 22 

Corn 0.9 0.9 1.1 | Orange 0.6 03 | 03 
Lettuce 0.6 | 06 | O04 | Prunes 20 | 04 
Peas 2.2 22 | 12 | Peanuts 25 | 38 | 24 





Classifications of fruits and vegetables 


For simplicity of diet calculations the fruits and vegetables 
have been placed in groups and a single value of carbohydrate 
assigned to the group. The generally accepted classification 
of this kind is that of Adams and Chatfield (’35). They have 
set these values: group I, 3% (range 1.5 to 4.4); group II, 
6% (range 4.5 to 7.4) ; group III, 9% (range 7.5 to 10.4) ; group 
IV, 12% (range 10.5 to 13.4); group V, 15% (13.5 to 16.4); 
group VI, 18% (range 16.5 to 19.4). Diabetic manuals pre- 
pared for patients such as those of Joslin (’87 and Wilder 
(’37) have accepted in general this classification, and text- 
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analysis. 


1% 
(0.3-2.0) 
Asparagus 
Broceoli 
Cauliflower 
Celery 
Cucumber * 
Greens 
Dandelion * 
Kale 
Mustard * 
Endive * 
Spinach 
Lettuce 
Rhubarb 
Squash, summer 


7% 
(6.1-8.0) 


Beet, red 
Grapefruit 
Onion 
Raspberry 
Rutabaga 


* Insufficient analyses. 
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books of dietetics (Stern, ’36; Sherman, ’37; Rose, ’37; Me- 
Lester, 39; Bridges, ’35) use the data for total carbohydrate 
as given in circulars 146 and 50. In their original article 
Adams and Chatfield state, ‘‘The figures on which the new 
classification is based are those for nitrogen-free extract, that 
is, total carbohydrate excluding fiber.’’ It would appear that 
there has been a general acceptance of the carbohydrate values 
of fruits and vegetables as determined by difference. No 
real defense can be raised for this method of carbohydrate 


Table 4 presents our classification of the common vege- 
tables and fruits according to their carbohydrate content. 


TABLE 4 
Classification of fruits and vegetables according to their carbohydrate content 
3% 5% 
(2.1-4.0) (4.1-6.6) 


Beans, snap (medium) 
Blackberry 


Beans, snap (young) 
Brussel sprouts * 


Cabbage Carrot 
Cranberry Currant 
Egg plant Muskmelon 
Gooseberry Pumpkin 
Lemon juice Strawberry 
Radish * Squash, winter 
Tomato Watermelon 
Turnip’ 
9% 11% 
(8.1-10.0) (10.1-—12.0) 
Apricots Apple 
Blueberry Cherry 
Orange Corn, sweet (young) 
Orange juice Fig 
Peach Grape 
Pear Nectarine 
Plum Parsnip 
Pea 
Pineapple 
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The 1% group corresponds to what Joslin calls 1 to 3% and 
what other authors classify as 3 to 5%. There is one very 
curious analysis which has crept into the literature, namely 
that of dandelion greens. All of the above-mentioned authors 
except Wilder and Joslin have classified this food as having 
a value of 2 to 11% carbohydrate. The green leafy vegetables 
that we have analyzed have not contained more than 1 to 2% 
carbohydrate. Our 3% group is classified by others as 3 to 9% ; 
our 5% as 6 to 12% ; our 9% as 12%. 

What justifications have we for proposing these changes 
in classifications? Our argument is based upon the analyses 
reported by three different sets of observers. There is, first, 
the direct analysis recorded by Adams and Chatfield (cireu- 
lars 146 and 50) which, as table 2 shows, corresponds closely 
to our own results. Second, we have the direct analyses of 
MeCance and his associates on English vegetables and fruits, 
whose data are unique with respect to thoroughness and ac- 
curacy, and we believe, in the absence of systematic analyses 
of American fruits and vegetables, their data might well be 
adopted. Attention is called to the fact that most of the root 
and leafy vegetables contain only sugar which is easily lost 
wher. cooked in water. McCance found, for instance, that by 
boiling carrots 1 hour, 70% of the sugar was lost in the enoking 
water. The English authors make the point that since some 
of these foods are eaten only when cooked, the carbohydrate 
value should be stated for the cooked food. 

In reviewing the tables of bulletins 146 and 50 for data ob- 
tained by direct analysis we find that of certain commonly- 
used vegetables and fruits there are none, or at the most, 
only two samples analyzed. The following is a partial list: 


Beets Dandelion Greens Okra 
Broccoli Egg Plant Radishes 
Brussels Sprouts Endive Spinach 
Cherries Kohlrabi Turnips 


Cucumbers Lima Beans Turnip Tops 
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DISCUSSION 


If it is granted that the carbohydrate values we propose are 
correct, the question might be raised as to why physicians 
have not become aware of the inaccuracy of the present values, 
especially since these foods are the chief foods of severe dia- 
betics. Our answer would be that the amount of carbohydrate 
is not very great, whatever the standard of carbohydrate 
value caleulated as available from these foods; and further- 
more, the higher the amount of carbohydrate in a food the 
less the difference between the values assigned by ourselves 
and those generally accepted. This difference might only be 
apparent when a higher group is substituted for a lower one 
and even in this circumstance, the difference would not be 
very great and only evident in a very severe diabetic. Since 
we have had insulin, there has been a progressive tendency 
to prescribe higher carbohydrate diets and to use foods which 
have a higher value of carbohydrate. 

The real worth of a realization of the true carbohydrate 
value of vegetables and fruits lies in the knowledge that 
physicians may prescribe the vegetables in the first two groups 
almost without regard to carbohydrate content. If we recall 
that these foods are very high in vitamin values, there is a 
good deal of virtue in feeding them without consideration of 
their carbohydrate contents. 

It also seems apparent that the time is opportune for a com- 
plete and thorough re-analysis of the carbohydrate values of 
vegetables and fruits, not only for the available carbohydrate 
but also for the hemicellulose and cellulose. The importance 
of this problem and its demands with respect to laboratory 
facilities and funds doubtless place an elaborate project deal- 
ing with it beyond any single laboratory. Cooperative efforts 
in dealing with this problem would seem to be in order. 


CONCLUSION 


An outline of a method of analysis for sugar, starch, hemi- 
cellulose and cellulose of vegetables and fruits is presented. 
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Representative carbohydrate values of twenty foods ana- 
lyzed by this method are presented. 

The accepted values for available carbohydrate are too 
high because they have been based on the ‘‘total carbohydrate 
by difference.’’ 

Fiber values are only a variable fraction of the true deter- 
mined values for hemicellulose plus cellulose. 


It is suggested that the time is opportune for a complete re- 
analysis of American vegetables and fruits for both their 
available and unavailable carbohydrates. 


Comparison of data obtained by direct methods of analyses 
prompted a re-classification of low carbohydrate vegetables 
and fruits. 
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ON THE DIFFERENCE BETWEEN THIAMIN DE- 


FICIENCY IN THE RAT AND DEFICIENCIES 
OF THE OTHER MEMBERS OF THE 
VITAMIN B COMPLEX 


MILDRED KING DIMICK 
Vitab Research Laboratory, Emeryville, California 


ONE FIGURE 
(Received for publication November 17, 1939) 


At the present time four crystalline members of the vita- 
min B complex are known, namely thiamin, nicotinic acid, 
riboflavin, and vitamin B, (factor 1). Nicotinic acid has not 
been clearly demonstrated to be necessary for the rat al- 
though indispensable to the dog (Elvehjem et al., °37), 
monkey (Harris, ’38), pig (Chick et al., 38a; Hughes, ’38) 
and man (Fouts et al., 36; Smith et al., 37; Spies et al., ’38). 
Undoubtedly nicotinic acid must play a role in rat metabolism 
since it forms a part of the enzyme system involving hydrogen 
transfer in metabolism of carbohydrates. Either, like vitamin 
C, it ean be synthesized by the rat or its stores are so well 
conserved as to render exhaustion from the rat body tissues 
difficult or impossible. Possibly traces in the diet render 
this more difficult. 

In addition to thiamin, riboflavin, and vitamin B, (factor 1), 
one or more factors not yet isolated in crystalline form are 
necessary for the rat. Factor 2 (Lepkovsky et al., ’36), factor 
W (Elvehjem et al., ’36), yeast filtrate factor (Edgar and 
Macrae, ’37), or Filtratwachstumsfaktor B, (Kringstad and 
Lunde, ’39) will apparently complete the growth require- 
ments of the rat for the vitamin B complex. These factors 
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have much in common and may or may not be identical. From 
its method of preparation, the concentrate used in the present 
work resembles most closely factor 2. Since it supported 
normal growth, it must have contained the other factor or 
factors necessary for the growth of the rat. 

In the absence of any one of these four essential vitamins, 
normal health, growth, and life are impossible in the rat. 
Deficiencies caused by withholding any one of these essential 
vitamins were studied in groups of rats kept under identical 
experimental conditions during the same period of time. 
Thus, the only variable was the absence from the rat’s diet 
of a single known essential member of the vitamin B complex. 
Some rats of each deficient group were given the missing vita- 
min at appropriate times to determine the ability of the rats 
to grow after being subjected to a severe vitamin deficiency. 


EXPERIMENTAL 


Female rats 21 days old weighing 40 to 50 gm. were weaned 
from normal stock mothers receiving a diet consisting of whole 
red wheat ground 57.5, wheat germ 10, commercial casein 15, 
whole milk powder 10, sodium chloride 1, calcium carbonate 
1.5, and whole butter 5%, respectively. They were placed 
in individual cages with wire screen bottoms and fed a basal 
diet and water ad libitum. The percentage composition of basal 
diet was sucrose 59, extracted casein 27, primex 8, cod liver oil 
2, and salt mixture no. 185 (McCollum and Simmonds, ’18) 4. 
The preparation of the ingredients has already been described 
(Dimick and Schreffler, ’39). 

Four groups of rats, seven in each group, were fed the 
vitamin supplements as detailed in table 1. These supple- 
ments were fed daily except Sunday. 

The thiamin was the synthetic product.1 The riboflavin 
was a crystalline product prepared from whey. The crystal- 
line vitamin By, was prepared from rice bran extract according 
to the method of Lepkovsky (’38). The vitamin B, eluate was 


* Sold by Merck & Company. 
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the crude extract described by Lepkovsky (’38) as the start- 
ing material for the preparation of crystalline vitamin Bg. 
It was previously tested to insure its freedom from the other 
known factors of the vitamin B complex. The factor 2 con- 
centrate was a liver preparation as described by Dimick and 
Schreffler (’39). 

The dosage levels were chosen for maximum growth and 
were maintained throughout. The level of vitamin B, eluate 
was selected to supply 25 micrograms of crystalline vitamin 
B,; this was determined by separate assay. The factor 2 
concentrate used was previously assayed to insure its adequacy 
for normal growth and its freedom from thiamin, riboflavin 
and vitamin B,. 


TABLE 1 
GROUP DEFICIENCY SUPPLEMENTS 
Vitamin B, 
Thiamin Riboflavin Eluate ~ Factor 2 
25 meg. 
meg. meg. ee. ec. 
1 Thiamin 25 0.05 0.10 
2 Riboflavin 25 0.05 0.10 
3 Vitamin B, (factor 1) 25 5 0.10 
4 Factor 2 25 25 0.05 


Weekly weights and daily notations of occurrence of 
symptoms were made. When the rats were moribund or 
in a severely deficient condition, the missing vitamin was fed 
in crystalline form when available. This was possible with 
all the vitamins except factor 2. The response in growth 
and the improvement of the deficiency condition were noted. 
During the curative period, the rats were weighed daily and 
changes in condition noted. 


RESULTS AND DISCUSSION 


An inspection of figure 1 shows that the growth response 
of the rats to the addition of each of the four missing factors 
is approximately the same. In all cases excellent growth was 
obtained. Deficiency symptoms in all cases were promptly 
cleared up. 
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Thiamin deficiency differs from the other three deficiencies 
by its acute nature during depletion. After a moderate initial 
growth, the rats immediately started losing weight rapidly. 
With the other three deficiencies, after an initial growth, the 
depletion is characterized by a more or less prolonged 
period of stationary weight or a very slowth growth. This 
plateau period in the growth curves of the rats during the 
depletion period of all deficiencies except thiamin has been 
insufficiently emphasized. 

It is improbable that nerve degeneration occurs in thiamin 
deficiency (Engel and Phillips, ’38) possibly because of the 
acute nature of the deficiency. On the other hand, it is known 
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Fig.1 Shows the individual curves of four groups of female rats started 
on the basal sugar diet and various combinations of the factors of the vitamin B 
complex. These factors were fed in amounts as indicated: 25 meg. thiamin, 
25 meg. riboflavin, 0.05 ec. vitamin B, eluate equivalent to 25 meg. vitamin B, 
(factor 1), and 0.1 ce. factor 2 concentrate. In each group one factor is omitted 
during the depletion period and added at the arrow. 

The thiamin group shows the depletion period of rats deficient in thiamin. 
Twenty-five micrograms cf thiamin were added daily to the diet of four members 
of the group as indicated by the arrow. 

Riboflavin group shows the depletion period of rats deficient in riboflavin. 
Twenty-five micrograms of riboflavin were added at the arrow. 

Vitamin B, group shows the depletion period of rats deficient in vitamin B, 
(factor 1). Twenty-five micrograms of crystalline vitamin B, were added at 
the arrow. 

Faetor 2 group shows the depletion period of rats deficient in factor 2. 
One-tenth cubie centimeter factor 2 concentrate was added at the arrow. 
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that riboflavin deficiency results in nerve degeneration 
(Phillips and Engel, ’38) probably because of the chronic 
nature of this deficiency. Nerve degeneration also occurs 
in factor 2 (filtrate factor) deficiency in the pig (Chick et al., 
38 b). This deficiency, like that of riboflavin, is chronic 
in nature. 

These results may have a clinical bearing since they empha- 
size the acute nature of thiamin deficiency as compared with 
the chronic nature of the deficiencies of the other vitamins. 
Clinically nutritional deficiencies are generally multiple in 
nature (Spies et al., ’39), but marked responses are often 
obtained with the administration of thiamin only (Williams 
and Spies, ’38). This is understandable in the light of the 
acute nature of thiamin deficiency. It is to be expected that 
with continued administration of thiamin alone with no other 
dietary change, one of the more chronic deficiencies might 
develop. 

CONCLUSIONS 


Thiamin deficiency is characterized by the absence of a 
plateau period in the growth curve of the deficient rats during 
the depletion period. A plateau period, however, characterizes 
the depletion periods of deficiencies of riboflavin, vitamin B, 
and factor 2 (rat filtrate factor). 

The implication of this difference is briefly discussed. 
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THE ESTIMATION OF METHANE PRODUCTION 
BY CATTLE! 
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State College, Pennsylvania 


ONE FIGURE 


(Received for publication February 10, 1940) 


In connection with measures of nutritive values of foods 
and nutritive requirements of animals of different species, 
a factor of some importance is the fermentative activity 
normally present within the ruminant alimentary tract, 
especially as this bacterial metabolism involves losses of 
energy value in the forms of heat and methane, and gains 
in both protein and energy values by virtue of the capacity 
of the bacteria to render digestible non-nitrogenous products 
otherwise not digestible by the host, and to synthesize protein 
from non-protein nitrogen. 


In the course of the researches of this laboratory, since 
1902, many measurements of methane production by cattle 
have been made, always by the same procedure, in which 
the methane in an accurately measured aliquot of the outgoing 
air from a respiration calorimeter was burned to carbon 
dioxide and water; and the variations observed in these 
measurements indicate that determinations of methane pro- 
duction, by cattle, of an accuracy sufficient for research 


? Authorized for publication on February 7, 1940, as paper no. 954 in the 
journal series of the Pennsylvania Agricultural Experiment Station. 
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purposes, must be made by measurement rather than compu- 
tation. 


For conventional, routine purposes, however, in the ab- 
sence of a respiration chamber or calorimeter, it is some- 
times desirable to compute the approximate production of 
methane. A statistical study has therefore been made of the 
relationship between methane production and various ration 
characteristics, with the object of deriving a formula by means 
of which methane production can be computed with an ac- 
curacy sufficient for the less critical purposes for which such 
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Fig.1 Methane production in relation to digested carbohydrate. 


a value might be used, such as, for instance, in the computation 
of metabolizable energy values of feeding stuffs for cattle. 

After considering a number of such relationships the most 
significant one found was that between methane production 
and quantity of carbohydrate digested. 


The available methane determinations of this laboratory 
were therefore plotted against the digested carbohydrate of 
the rations from which the methane was produced, and the 
result is presented in figure 1. 
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The subjects of experimentation were steers and cows of 
beef and of dairy breeds, and the rations fed were widely 
diverse as to intimate composition, but all were composed of 
normal, cattle feeding stuffs, and nearly all were mixed 
rations of concentrates and roughages. 


The relationship thus demonstrated is not a direct propor- 
tion, but is expressed by the formula, E = 4.012 X + 17.68, 
in which E signifies grams of methane produced, and X repre- 
sents hundreds of grams of carbohydrate digested, the regres- 
sion coefficient being computed by the method of least squares. 


This formula was derived from 130 measurements of 
methane, by combustion, each representing 2 or 3 days of 
continuous collection, the intake of digestible carbohydrate 
being 900 to 5800 gm. per day. The formula, therefore, applies 
only to quantities of digestible carbohydrates within these 
limits. 

The average difference between the observed and the com- 
puted values in this series of 130 determinations was 8.4%, 
and the coefficient of correlation between carbohydrate di- 
gested and methane produced was 0.94. 


While methane production has never been computed in the 
research work of this laboratory, and the computation of 
quantities of methane produced, for critical purposes, is not 
advocated, this formula is proposed as a means of computing 
methane for uses which may be served by approximate values. 
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